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The Use of Zinc Chloride and Mercuric Chloride 
for the Prevention of Bacterial Growth in Skins 
During Sun-Drying.
By G . H . G reen
SYNO PSIS.
Zinc chloride and mercuric chloride have been 
exam ined as disinfectants for the inhibition o f bacterial 
growth on skins whilst being sun-dried. Solutions o f  
various strengths were applied by dipping and by 
spraying the flesh surface. M ercuric chloride was unsatis­
factory, whilst zinc chloride was effective only when 
applied from  a 10% solution.
CO NTEN TS.
IN T R O D U C T IO N .
M A TER IA LS A N D  M ETH O DS. 
R ESULTS A N D  DISCU SSIO N. 
SU M M A R Y . . .
IN T R O D U C T IO N .
This work was carried out in connection with a proposed 
Extra-M ural Experiment in which it was required to ' assess the 
susceptibility of goatskins to heat damage when dried under 
various climatic conditions. It was desirable that bacterial growth 
in the skins be prevented during the drying period in order to 
avoid possible confusion between damage caused by overheating 
and that caused by putrefaction.
The problem resolved itself into finding some bactericide which 
could be applied to the skins and remain effective under the most 
rigorous conditions expected, i.e., slow drying in a warm, humid 
atmosphere. In addition it must be without effect on subsequent 
processing of the skins and on the finished leather. To prevent 
putrefaction-‘during the drying of skins, Paessler(1) recommended 
the application of a dilute solution of phenol, cresol, or lysol 
(1:500) or mercuric chloride (1:2000) on the flesh side. The effi­
cacy of these agents under severe conditions seemed dubious. 
Whilst they are all efficient bactericides, they combine with protein 
and would not be expected to penetrate appreciably into the skin.
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Hence, any bacteria already within the skin would be unaffected 
and the surface of the skin alone would be sterilised. Furthermore, 
by reacting with the skin protein they may become ineffective and 
incapable of destroying bacteria which subsequently infect the skin. 
The complete sterilisation of skin is very difficult to achieve, and 
the methods described in the literature utilising 2 % hydrochloric 
acid and 10% salt<2> or sulphurous acid at pH  2<3) are quite unsuited 
to the present problem.
The only bactericide which appeared to fulfil the requirements 
of diffusing into the skin and not producing undesirable after­
effects, was zinc chloride. This has been shown to be effective in 
the curing of various types of skin, either alone(4) or in admixture 
with salt(4'5'6’7'8), and in soaking back dried wool sheepskins(9). 
There is one adverse report by Guthrie and Sastry<10) who repeated 
an earlier experiment (see ref. 8) using 3% zinc chloride mixed 
with curing salt. A white, cloudy stain which turned brown in the 
tan liquor (oak bark) developed during deliming. It is not unlikely 
that their trouble was due to zinc soap formation, which could have 
been avoided by suitable modification of the processing.
In addition to zinc chloride, tests were also carried out with 
mercuric chloride in the hope that by using a sufficiently high 
concentration adequate penetration might be achieved.
M ATERIALS A N D  M ETH O DS.
As a freshly flayed goatskin was not available, the tests were 
carried out on a wool sheepskin flayed within eight hours of the 
application of the bactericide. The skin was cut up into 3 in. 
squares, the flanks, neck, and butt not being used. The wool was 
clipped to £ in. to facilitate handling.
Each treatment was carried out on duplicate pieces of skin. 
Two methods of application were used, dipping and spraying. For 
dipping, two pieces of skin at a time were immersed in 200 ml. 
solution, in one case for 5 min, in another for 25 min. For 
spraying, the pieces were laid on an inclined plane and the flesh 
surface thoroughly moistened with the solution applied from a 
throat spray. Surplus solution was removed by shaking; the pieces 
were then placed flesh side up in 10 cm Petri dishes and incubated 
at 30°C (86°F), some horizontally and others vertically.
The skin pieces were inspected after 1, 2, and 3 days for putre­
factive odour and hair slip. Those pieces showing no evidence of 
bacterial growth after three days were also examined microscopic­
ally for bacteria.
The antiseptic solutions were prepared from laboratory reagent 
chemicals in distilled water. Solutions of mercuric chloride from 
0• 01-1 0% were clear and ranged in pH  from 4 0 to 3 5, respec-
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T a b l e  I
T h e  In f l u e n c e  o f  M er c u r ic  C h l o r id e  a n d  Z in c  C h l o r id e  o n  B acterial  
G r o w t h  o n  S h e e p s k in .
Temp. 30°C; r.h. 100%.
Bactericide
Concn.,
% M ethod of application
M ethod of 
incubation
State >f sk in after +
1 day 2 days 3 days
0 010 Im m ersed 5 m in H orizontal +  +
M ercuric +  +
chloride Im m ersed 25 min + +  +  +
+ +  +  +
Sprayed +  +
+  +
0 032 Im m ersed 5 m in + +  +  +
+ +  +  +
Im m ersed 25 m in +  +
+ +  +
Sprayed +  +
+ +  +  +
0-10 Im m ersed 5 m in + +  +  +
— +  +
Im m ersed 25 min — +  +
— +  +  +
Sprayed — +  +  +
+ +  +
0-82 Im m ersed 5 m in — — +  +
— +  +
Im m ersed 25 min + +  +
— . + +  +
Sprayed a + +  +
+ +  +
1 0 Im m ersed 5 m in — — —
— +  +
Im m ersed 25 min — + +  +
Sprayed + +  +
+ +  +  +
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T a b l e  I— continued.
T h e  In f l u e n c e  o f  M e r c u r ic  C h l o r id e  a n d  Z in c  C h l o r id e  o n  B a cterial  
G r o w t h  o n  S h e e p s k in .
Bactericide
Concn.
°//o M ethod of application
1. 1UV/0
M ethod of 
incubation
State o f sk in after t
1 day 2 days 3 days
Zinc 0 1 0 Im m ersed 5 min Horizontal +  +
chloride +  +
Im m ersed 25 min +  +
+  +  +
Sprayed +  +
+  +  +
0-32 Im m ersed 5 m in +  +
. +  +
Im m ersed 25 m in — +  +  +
+  +
Sprayed +  +
+  +
1 0 Im m ersed 5 m in — + + ' +
+ +  +
Im m ersed 25 min — + +  +
— +  +
Sprayed +  +
+ +  +
3-2 Im m ersed 5 m in — — _ *_ Jfc
Vertical
—
+  +
Im m ersed 25 m in Horizontal
—
+• ' +_ *
Vertical
— —
Sprayed
))
H orizontal +  +
+ + +  +  +
10.0 Im m ersed 5 m in n — — —
Vertical — —
Im m ersed 25 m in Horizontal — — —
Vertical — —
Sprayed H orizontal — — —
Vertical — —
+
+  +
|  —  N o  sign of putrefaction.
+. Slight putrefactive odour and/or w ool slightly loose.
+  +  Strong putrefactive odour and /or w ool m oderately loose.
+  +  +  Very strong putrefactive odour and /or  w ool very loose.
* M icroscopical examination indicated the beginning o f bacterial penetration 
into the corium.
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tively. The zinc chloride solutions from 0 1-10% all gave a 
precipitate of zinc hydroxide on preparation; this was dissolved by 
addition of conc. hydrochloric acid to give a final pH  of 5 • 4 to 4 • 8, 
respectively.
RESULTS A N D  DISCU SSIO N.
The combined results are given in Table I. It is evident that 
mercuric chloride is unsatisfactory even under the most favourable 
conditions employed, i.e., immersion of the skin in a 1 % solution 
for 25 min and laying in a horizontal position, where drainage of 
disinfectant from the skin is minimised.
Zinc chloride was successful only when applied at a concen­
tration of 10% ; at 3% only a partial delay in the onset of putre­
faction was achieved. A  5 min immersion in 10% solution was 
adequate for both horizontally and vertically disposed skin pieces. 
With the sprayed skin pieces, not enough disinfectant penetrated 
into the skin to allow for subsequent drainage when held vertically, 
though skins held horizontally were showing no signs of putre­
faction after 3 days. Treatment with these slightly acid solutions 
did not affect the pH  of the skins as measured after the incubation 
period. '
Although zinc chloride is an efficient bactericide it does not 
suppress, in fact it may stimulate, the growth of moulds. Several 
pieces of skin which resisted bacterial growth showed a vigorous 
mould growth after three days. Both the temperature and humi­
dity were most favourable, though in the field such conditions are 
unlikely to occur and appreciable mould growth during drying is 
not to be expected. Should mould growth become a problem in 
the field, a fungicide could be incorporated in the zinc chloride 
solution. None of the mercuric chloride treated skins developed 
mould.
The use of high concentrations of zinc chloride raises the 
question whether the shrinkage temperature of the collagen will be 
affected. The shrinkage temperatures of pieces of sheepskin 
immersed in 3-2% and 10% zinc chloride solutions for 24 h 
were 62 °C and 57 °C, respectively, as compared with 62 °C for the 
control. I t seems unlikely that the concentration of zinc chloride 
which is obtained by spraying or immersion for 5 min will produce 
any complications.
Whether the suggested treatment with zinc chloride will adversely 
affect subsequent beamhouse work or the finished leather has yet 
to be ascertained. The fact that it has been previously used 
successfully for curing, both alone and in admixture with salt, 
makes this possibility unlikely. Possible untoward effects are stain­
ing due to zinc soap formation or impurities in the zinc chloride.
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SU M M A R Y .
As a method of inhibiting bacterial growth during the drying 
of skins, the application of a 10% solution of zinc chloride 
(adjusted to pH  5 with hydrochloric acid) has proved satisfactory. 
If the skins are to be suspended during drying they should be 
immersed in the solution for 5 minutes; if they are to be laid flat 
on the ground, a liberal application on the flesh surface with a 
spray and then shaking off surplus liquid will suffice. Mercuric 
chloride in 1 % solution both as a dip and a spray was unsatis­
factory.
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By G. H. Green
IN T R O D U C T IO N
Sodium pentachlorphenate has recently been tested on a large scale for its ability to 
prevent bacterial growth on wet-salted heavy hides (Extra-Mural Expt. No. 82) and the 
satisfactory results have justified the Research Association’s recommendation that it be 
incorporated into all salt used for curing heavv hides. Although we are quite confident 
that it will prevent bacterial growth on other types of hides and skins, we have not yet 
been able to carry out any large-scale experiments to ensure that it will not have any 
detrimental effect on the finished leather. W e understand that several Member firms 
and others have carried out tests themselves, but the experiments have not always been 
controlled sufficiently well to yield any clear-cut results.
Recently, sodium o/7/m-phenylphenate has become available in commercial quantities 
at a price of the same order as sodium pentachlorphenate, and its antiseptic power 
against halophilic bacteria was considered to be slightly superior. An experiment was 
therefore set up to check their comparative antiseptic powers and at the same time 
two other points: —
(a) W hether the free phenols could be used in place ot the sodium salts (the latter 
being dearer, as thev have to be prepared via the phenol).
P a g e
1
S
7
7
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TABLE I.
C o n c n .  on  s a l t
D isinfectant
N a  p e n t a c h l o r ­
p h e n a t e
I’e n t a c h l o r p h e n o l
1st
s a l t i n g
0 • 05
0 1
I 0-2
2 n d
s a l t i n g
0 -05  
0 1  
0-2
T o t a l  
as % 
o f  s k in
0-01175 
0 075  
0 15
W e e k s  b e fo r e  a p p e a r a n c e  o f
R e d  h e a t
P u t r e f a c t iv e
o d o u r R e f .
E d g e s
All
o v e r T ra c e
12 20 10
9 11 7
9 13 11
8 13 6
16 20 15
0 ■ 05 0 -0 5 ; 0 0375 : 13 26* ! 10
9 i i  ; 11
0 1 0 1 : 0 •075 20 I 16
10 12 7
0-2 0 - 2 0 -15
i j 0 -05 0 • 05 0 • 0375 18 10
I 5 6 9
N a  nrihn- ■ • ° - l 0 1 0 075 12 13 - 11
p h e n y l p h e n a t e ' 12 16 12
' 0 - 2 0 -2 0 15 16 26* 15
! 1
' | 0 -0 5
_____
0 • 05 0-0375 13 15 11
1 8 9
0-1 0 1 0-075 : 23
( A / / ; o -p l i e n  vl p h e n o l 1 12 15 12
J 0 - 2 0 -2 0-1 5 23
Strong 1
■+ !
15
9
15
18
18
IN
1:1
28
23
N o n e
7
8 
9
10
11
12
13
14
15
16
17
18
19
20 
21 
22
23
24
25
26
(b) W hether it was less effective to apply the antiseptic in the 2nd salting, as compared 
with the ist salting in the hide market.
This latter point arises because, unless there is universal agreement amongst tanners 
to accept hides and skins salted with a particular antiseptic-salt mixture, the hide 
markets will not consider the use of antiseptic-treated salts, since it would involve the 
use of more than one type of salt in the market for different skins and/or consumers. 
If the antiseptic could be applied equally effectively in the 2nd salting, this could be 
carried out by the tanner himself at his own discretion.
T he results of this laboratory experiment, recorded below, indicate that the free 
phenols are slightly more effective than their corresponding sodium salts, and that 
orMo-phenvlphenol is a satisfactory substitute for pentachlorphenol, so that these 
results should be borne in mind in planning any large-scale tests on antiseptic-treated 
salts.
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TABLE I— continued.
3
D i s i n f e c t a n t
S
er
ie
s
C o n c n .
1st
s a l t i n g
o n  s a l t
2 n d
s a l t i n g
T o ta l  
a s  % 
o f  s k i n
W e e k s  b e fo r e
.
R e d  h e a t  
A ll
E d g e s  o v e r
a p p e a r a i
P u t r e f
ode
T r a c e
ce  o f
a c t iv e
ur
S t r o n g
t
R e f .
— 0 1 0 025 5 6 5 27
6 ! 12 7 12 28
i i — 0 - 2 0 0 5 5 6 6 29
N a  P e n t a c h l o r ­ 5 10 6 30
p h e n a t e — 0 -4 0 1 8 i 12 6 12 31
10 | - 18 11 13 32
— 0 - 6 0 1 5 20 : 16 33
■ 12 : 10 16 34
— 0 1 0 025 4 6 7 35
4 6 8 36
— 0 - 2 0 05 • 5 1 10 7 375 1 11 5 38
P e n t a c h l o r p h e n o l — 0 - 4 0 1 8 12 7 39
10 ; 8 13 40
•---: 0 -6 0 1 5 12 i . 8 23 41
- 10 12 13 42
--- 0 1 0 025 7 ' 9 5 43
7 9 6 44
--- 0 - 2 0 0 5 9 10 8 45
N a  or tho- 8 , 10 7 46
p h e n y l p h e n a t e ■ — 0 -4 0 1 14 i 23 13 16 47
12 ; 23 12, 13 48
---  . 0 - 6 0 -1 5 i 20 49
i 20 50
-- 0 1 0 025 !7 I 9 7 51
7 I 10 7 52
--- 0-2 0 0 5 16 , 20 10 16 53
12 ! 11 11 14 54
O r t / io - p h e n v lp h e n o l --- 0 -4 0 1 20 ! 26* 20 55
■ : 14 56
--- 0-6 0 1 5 23 57
J.
23 58
N o n e -- — -— 4 4 4 ! 59
4 I 4 4 : 60
t Sam ples were discarded when show ing red heat all over the surface, hence no observations of 
putrefactive odour were made beyond this.
* Faint pink colour observed after brushing off salt at conclusion of experim ent.
M ATERIALS
( a )  D i s i n f e c t a n t s
(i) Sodium pentachlorphenate (technical)
(ii) Pentachlorphenol (technical)
(iii) Sodium or^o-phenyiphenate (technical)
(iv) OrMo-phenylphenol (technical)
Each was ground in a Wiley mill to pass a 60-mesh sieve.
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( b )  S a l t
I.C.I. Stafford salt, ex Guildford H ide Market.
( c )  S k i n s
A fresh calfskin received on the day of slaughter was cut into pieces 4 in. X2>^ in., 
average weight 22 g, flank areas being excluded. T he pieces were held overnight in 
the refrigerator prior to salting.
M ETH O D
S e r i e s  A. The salt was intimately mixed with antiseptic and applied uniformly to 
the flesh surface of the skin, i r  g per piece (50% of skin weight). T he  salt was pressed 
gently on to the skin with a glass plate, and the skins placed in a horizontal position 
flesh side uppermost on glass supports over saturated brine in closed containers, and 
incubated at 26.5°C.
After seven days, the majority of the salt had been absorbed or run off as brine. Any 
' residual crystals of salt were lightly brushed off and the pieces re-salted with 5.5 g fresh 
antiseptic-salt mixture (25% on skin weight). They were returned to the containers 
and re-incubated for a further period of 26 weeks.
S e r i e s  B. This set of skins was treated as for Series A except that the 1st salting was 
carried out with untreated salt followed by seven days’ incubation at i8-20°C, and the 
2nd salting with antiseptic-salt followed by incubation at 26.5°C.
Controls with no antiseptic in either salting were carried out in both Series. Each 
treatment was performed on duplicate pieces of skin.
RESULTS
See Table I.
M ICROSCOPICAL E X A M IN A T IO N
A number of skins were examined microscopically after fixing in 1 o°/0 formalin, 
sectioning, and staining with A zur A. T he  sections were cut from the central area 
of the pieces, i.e., from non-red-heated areas (except No. 56).
Ref. No. Cellular condition Bacterial condition
40, 49 fVery  few, confined to ilesh tissue.
6 9 34 (Cells either com pletely absent, or
) j present in very sm all numbers in
1^’ 21 (grain only, or grain and corium.
56
Large num bers, confined to flesh tissu es.*
Large numbers in llesh tissue, slight pene­
tration into corium.
Large numbers in flesh tissue, fair degree 
of penetration into corium.
* No. 9 showed, in addition, heavy m ould growth on both flesh and hair surfaces which was 
nor observed on the whole skin.
CO NCLUSIONS
1. In g e n e ra l ,  a pu tre fa ct iv e  (or n m m o n ia c a l )  o d o u r  c o u ld  be de tec ted  before  red 
hear w as o b serv ed .  T h i s  m ay  w e l l  no t  be the  case w i th  w h o le  sk in s  in store o w i n g  to  
air c ircu la t ion ;  h en ce  absen ce  o f  red heat and  pu tre fa ct iv e  o d o u r  o n  h id es  and  sk ins  
m store d o es  n o t  necessarily  in fer  absen ce  o f  bacterial g r o w t h .
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2. T he microscopical evidence indicates that where red heat is present, bacterial 
growth is well into the corium, and where red heat is not present bacterial growth is 
limited to fleshy tissue with only slight penetration of the corium.
3. T he  free phenols are slightly superior to the corresponding sodium salts on a 
weight/weight basis.
4. OrMo-phenylphenol and its sodium salt are slightly superior to pentachlorphenol 
and its sodium salt, respectively, on a weight/weight basis.
5. 0.2% of antiseptic in the salt for both saltings is as effective as 0.6% of antiseptic 
in the 2nd salting only, both additions corresponding to 0.15% on the skin weight. As 
no significant bacterial growth occurred on Series B skins between the 1st and 2nd 
salting, it is not possible to say for certain whether addition of antiseptic in the 2nd 
salting would arrest bacterial growth which had occurred after the 1st salting without 
antiseptic. T he  amount of drying out before the 2nd salting may influence subsequent 
absorption of antiseptic.
6. The controlling factor is the concentration of antiseptic with respect to the skin 
rather than to the salt. It is probable that heavier skins, i.e., light and heavy hides, 
would require less than 0.15% antiseptic owing to the fact that they are thicker, the 
antiseptic being absorbed in the surface layers only.
7. D uring  storage, even under conditions which almost completely repressed 
bacterial growth, there was a more or less complete degradation of the epithelial cells 
of the skin. Degradation of the cellular tissue was at one time considered to indicate 
bacterial growth in the skin, but recent work by the Research Association (unpublished) 
has shown that this is not necessarily the case. From  the examination of a number of 
stored calfskins from various sources, salted with untreated salt, it is apparent that the 
epithelial cells undergo autolysis during storage. It is possible that the improvement in 
leather, quality gained on storing calfskins (reduction of drawn grain and growth marks) 
is connected with this autolysis, and that any treatment of the skin which prevented this 
autolysis would be detrimental to the finished leather. O n  these considerations, the two 
phenols used in this work would not be expected to have an adverse effect on the finished 
leather.
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S O D IU M  C H L O R IT E : A N E W  A N T IS E P T IC  FO R  T H E  L E A T H E R  
IN D U S T R Y .*
By G . H. Green.
Of the many hundreds of antiseptics and disinfectants which are on the market, those 
which have found-acceptance in the leather industry can he counted on the fingers cl­
one hand. By far the most important of these is sodium hypochlorite, a very powerful 
disinfectant, and what is very important, relatively cheap. It has, however, two rather 
serious disadvantages. Firstly, it readily combines with organic matter in solution, 
and, secondly, it combines with skin substance itself. Its chief- use is in soak waters 
where large quantities of organic matter are present. If added in sufficient quantity 
it is capable of sterilising the water, but once used up, bacteria can proliferate. Its 
ability to combine with skin substance means that it is unable to penetrate into skin, 
so that bacteria already present within the skin are unaffected. T w o further dis- 
advantanges of hypochlorite are, firstly, that it is only available as a solution, and, 
secondly, the readiness with which it reacts with wool, rendering it useless in soaking 
wool sheepskins.
Sodium chlorite is in many respects similar to sodium hypochlorite but is consider­
ably more stable. It is a white, crystalline powder soluble in water to the extent of 
40%, giving solutions which remain stable even when made weakly acid or weakly- 
alkaline. In solution, sodium chlorite reacts relatively slowly with organic matter: 
It is capable of diffusing into skin, but it is not as powerful a bactericide as hypo-
* A provisional patent, covering the use o f stable, water-soluble chlorites in the leather industry, 
has been filed.
wm
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chlorite and because it does not kill spores it does not sterilise water. For this reason 
it is not employed in water purification. In leather manufacture, completely sterile 
water is not essential, and it is usually sufihcient to prevent the development of bacteria.
U se  i n  S o a k  L iq u o r s .
Preliminary laboratory tests have shown that sodium chlorite is effective in soak 
liquors at very low concentration of the order of 0.05 to 0.01%, the amount required 
depending on the liquor-goods ratio and the duration of soaking. The following 
results were obtained : —
Expt. No. Type o f skin Liquor Temp. °C Duration N aC 102,%
Histological 
condition, after
1. W ool sheep­
ratio
11:1 20
Days
4
Initial
0 1 0
Final 
0 074
shaking
2.
skin, dry 
W ool sheep­ 11:1
30
20
3t
4 0-025
0-056
0 0 1 5
Bacteria absent
3.
skin, dry 
W ool sheep­ 11:1
30
20
3 t
4 0 0 1 0
0-0085 
1 0-0057
do.
4.
skin, dry 
Goatskin, dry 8:1  1
30
20
3 t
.
4 0-020
0 0018 
! 0 0060
Heavy bacterial 
growth from flesh 
surface to about 
halfway through 
corium 
Bacteria on flesh
5.
’
Goatskin, 8:1 20 4 0 020 < 0  004
surface penetra t­
ing a little way- 
only 
do.
6.
D /S
Hide, dry 8:1 20 ■ 4 0 020 0-012 G roups of
7. Hide, dry 8:1
;
20 4 0 0 1 0 0 0037
bacteria on fl .s- 
surfuce
do.
8. Hide, W /S
i
1
i
4:1 20 2 0 050 ' 0-0355 —
30 3 t ! 0 0 2 0 Not examined Hair tight, no 
putrefactive odour
t  Soaking continued at the higher temperature.
Sodium chlorite did not prevent mould growth on the wool of the wool skecpskins. 
However, the temperature and duration of soak were excessive; under normal 
conditions mould growth would not be expected.
U s e  i n  B a t e  L i q u o r s .
T he choice of disinfectants for use in bate liquors is-difficult, as in general a substance 
which will inhibit bacterial growth will also inactivate enzymes. Sodium chlorite will 
inactivate proteolytic enzymes, but relatively slowly. W ork is still in progress to 
ascertain whether sodium chlorite could be added advantageously to bate liquors.f
U s e  i n  E n z y m e  U n h a i r i n g .
Similar considerations apply here as in bating. It has been used satisfactorily in 
conjunction with bacterial protease at a concentration of 0.2%.
t  Sulphide must not be present in the skins, or must be washed out before going into a bath 
containing chlorite, since sulphide and chlorite react together.
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U s e  i n  C u r i n g .
Tests are in progress in which sodium chlorite was added to curing salt or dissolved 
in the brine. In the first cases, pieces of freshly flayed calfskin were treated with salt- 
chlorite mixture (50% of skin weight); in the others, the pieces of calfskin were 
immersed in saturated brine-chlorite solutions for 24 hours, drained, and salted with 
normal curing salt (50% of skin weight). T h e  pieces of skin were stored horizontally, 
flesh side uppermost on a platform to permit drainage, in a closed container at 26CC. At 
weekly intervals for the first eight weeks, they were examined for development of 
putrefactive odour and “ red heat” , and thereafter at fortnightly intervals. W hen six 
months have elapsed those samples showing no evidence of bacteria growth will be 
examined histologically. Brining with 0.5% sodium chlorite or salting with 1.0% 
appear at the moment to be promising treatments. One advantage of sodium chlorite 
over some other proposed additives to brines and curing salts is its high solubility in 
saturated brine.
Another possible use in curing skins is to dip skins in a solution prior to sun drying. 
Immersion of freshly flayed calfskin for 30 min in a i 0/ o solution was effective in 
inhibiting bacterial growth over two days at 30°C, a much more severe test than would 
be encountered in practice.
M is c e l l a n e o u s  U s e s .
The “ five-day” week often makes it necessary to hold skins over the week-end in 
the delimed state prior to bating, or after bating prior to pickling. T he addition to 
the liquor of small quantities of sodium chlorite, of the order of 0.01%, will prove 
beneficial in eliminating the danger of bacterial attack on the skins.fl
Fellmongers and calfskin tanners who paint their skins and pile them are frequently 
worried about undue heating in pile. T he incorporation of 0.01% sodium chlorite in 
the soak liquor will effectively prevent heating.
A n a l y t ic a l  C o n t r o l .
The ease with which sodium chlorite may be determined quantitatively greatly 
facilitates its use in the tannery. By means of analytical control economics may be 
effected as large excesses of material will be avoided. Sufficient should be added to 
leave a small residue at the end of the process, or, alternatively, further quantities may 
be added at intervals when the concentration falls below a predetermined level.
The following method of analysis is suitable for works control and depends on the 
fact that chlorite will quantitatively oxidise hydriodic acid to iodine, the iodine being 
titrated with standard sodium thiosulphate: —
Take sufficient liquor to give a convenient titration with standard o . i n  thiosulphate; 
100 ml. of 0.01% sodium chlorite solution will give a titration of about 7 ml. Add 
about 0.5 g potassium iodide, and when this has dissolved acidify with a few ml. of 
5N hydrochloric acid. Titrate the iodine liberated, with thiosulphate, adding 1-2 ml. 
starch solution near the end point. W hen the colour of the iodine is obscured by the 
colour of the liquor, the starch should be added somewhat earlier in the titration.
1 ml. o . i n  thiosulphate =  0.00226 g  N aC 102
t See footnote on opposite page.
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Certain substances interfere with the analysis by liberating iodine from the hydriodic 
acid and yielding fictitiously high titration figures. Such substances are not present 
in the skin but are produced by bacterial or mould action on substances added to the 
skin to prevent insect damage. Anomalous results were obtained on soak liquors from 
D /S  goatskins which contained naphthalene, and from D /S  hides where the interfering 
material was not identified. A n analytical method for use in such cases has not yet 
been worked out, so that control must be based on similar conditions and types of skins 
where the interfering material is absent.
P r e c a u t i o n s  t o  b e  t a k e n  w h e n  U s i n g  S o d i u m  C h l o r i t e .
Provided that certain precautions are observed in the tannery, sodium chlorite is a 
perfectly safe material. A knowledge of its dangers should therefore be acquired by 
those using the material.
It should not be allowed to come into contact with mineral acids, as a mixture of 
chlorine and a somewhat similar gas, chlorine dioxide, is evolved (compare hypochlorite 
which liberates chlorine with acid).
It should not be handled with any material containing sulphur, which causes spon­
taneous combustion. Natural rubber gloves, aprons and boots should never be worn 
when handling the solid material, but synthetic rubber of the Neoprene type is quite 
safe.
Strong solutions are alkaline and so will attack metals such as aluminium and zinc, 
and cause corrosion. Sodium chlorite should preferably be handled in iron, stainless 
steel, enamel or plastic vessels.
A v a i l a b i l i t y  o f  S o d i u m  C h l o r i t e .
Sodium chlorite is not manufactured in this country, but imported material is 
available from a number of suppliers. Its price is between 4s. and 5s. 6d. per lb. 
according to the quantity purchased. This price seems high but the actual cost in use 
is low because of the small amounts needed in most applications. T he  technical grade 
examined had a purity of 80 to 88%, the impurity probably being sodium carbonate.
RE C O V E R Y  O F  W O O L  A N D  H A IR  FR O M  P I E C E S  O F  SK IN  A N D  Pfcgfc*
T he subj^c^of German patent 853,485 has been described by the patentee^jS^Thieme, 
in the Novemb&ivsiQ52, issue of Melliand Textilberichte. T he  D£»e£ss of wool or 
hair recovery from skfrKpieces or fur cuttings normally empjay^a in Germany is to 
boil them in a dilute so lu t io rb ^ a c id  (sulphuric, n i tr ic^ r i iy d ro ch lo r ic ) ,  whereby the 
raw or tanned skin is broken downb'k^ving the^wdtffor hair. As might be expected, 
the wool or hair is damaged and is of lo\^pj<<alue than that recovered by less drastic 
methods. -
In the present process, the tpjwffungs and c u t t in g s 3r»>^oaked in a dilute solution 
of sulphuric or hydrochl^tk<acid for 4 to 8 h at 35°C in a > s < i  float, the solution 
having p H  1.0; a suitable acid-stable wetting agent is added to the acitb-^^After soaking, 
the solid mateaaTis placed in a suitable ivessel, and heated to 5o°C under vatrmjm; it is 
then exttabfed with water at 600 to 70°C. T h e  aqueous extract contains gelatinT'afty 
reply to an enquiry by a Member firm.
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COMPLETE SPECIFICATION
Improvements in or relating to Preserving Hides and  Skins from 
Bacterial Damage
We, T h e  B r it is h  L eath er  M an ufac­
tu r e r s’ R esear ch  A sso c ia t io n ,  of Milton 
Park, Egham, Surrey, a British Association, do 
hereby declare the invention, for which we 
5 pray that a patent may be granted to us, and 
the method by which it is to be performed, to 
be particularly described in and by the follow­
ing statement: —
This invention relates to the treatment of 
10 hides and skins, either in the process of curing 
or during subsequent processing to parchment, 
leather or furskins, to prevent the hides and 
skins or partially processed parchment, leather 
or furskins being damaged by bacteria.
15 The manufacture of parchment leather and
furskins from raw hides and skins involves a 
series of processes and stages during which the 
condition becomes more or less favourable for 
the growth of bacteria on the skin substance. 
20 These are as follows: prior to curing; during 
storage of the cured skins; during soaking; 
after deliming; during bating or puering and 
prior to pickling or tanning; and during 
enzymic unhairing or dewooling.
25 In order to inhibit bacterial growth during
the above stages, recourse is usually made to 
the use of low temperatures or to the addition 
of disinfectants or antiseptics to the curing 
salts or processing liquors. It is not always 
30 possible, and is often, undesirable from other 
aspects, to work at low temperatures. On the 
other hand those disinfectants and antiseptics 
now in use are not entirely satisfactory and 
suffer from one or more disadvantages. Some 
35 readily combine with or are absorbed on
organic matter and so are rapidly removed 
from the system; they also combine with skin 
substance itself and do not readily penetrate 
into the interior of the skin or hide, so that
40 bacteria already within the skin can continue
to grow despite the presence of an inhibitory
concentration of disinfectant or antiseptic
without the skin in the salt or surrounding 
liquors. Others cannot be used with wool
[Price 3s. Od.]
sheepskins owing to rapid adsorption on to the 
wool. Others produce a change in the acidity 
or alkalinity of the skin which may be un­
desirable. Others may produce undesirable 
effects at later stages in processing, such as the 
formation of stains or metallic soaps. Others 
may be toxic and render any waste skin or hide 
pieces unsuitable for conversion into edible 
gelatin. Others are unsuitable where hides and 
skins are being treated with enzymes, as the 
enzymes are rapidly inactivated. Others have 
disagreeable odours or are liable to cause 
dermatitis. Others are only sparingly soluble 
in saturated brine.
It has now been found according to this in­
vention that the use of alkali metal, alkaline 
earth or other stable water-soluble salts of 
chlorous acid, in weakly add, neutral or weakly 
alkaline solution, in water or in brine; or in 
admixture with the curing salt is not/ attended 
by any of these disadvantages.
Thus, according to the process of the pre­
sent invention for the treatment of hides and 
skins to preserve them from bacterial damage, 
the hides or skins either before, or during, cur­
ing or during subsequent processing to parch­
ment, leather or furskins are treated with 
weakly add, neutral or weakly alkaline aque­
ous solutions of stable water-soluble salts of 
chlorous add.
Preferably the salts are alkali metal ot 
alkaline earth metal chlorites.
Salts of chlorous acid have been known for 
many years and are in use as bleaching agents 
and for improving flour. It has not beat dis 
covered heretofore that they are suitable foi 
preventing bacterial growth on hides and skins. 
It has been reported by Ingols (Journal of the 
Institute of Water Engineers, 1930, Vol. 4, 
page 581) that the chlorite ion does not 
sterilise water. In the many processes used in 
the manufacture of parchment, leather and fur- 
skins it is unnecessary to ensure sterile condi­
tions; merely bacterio-static conditions are
45
50
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satisfactory. Chlorite may be used to prevent 
the growth of undesirable bacteria on hides 
and skins and so result in improved quality of 
■ " ' the final products without the disadvantages 
5 attended by methods at present in use.
The bactericidal power of the chlorite ion 
• is illustrated by the following Examples: 
E x a m p l e  1.
A soak liquor was prepared by soaking a 
10 ’ piece of sun-dried wool sheepskin in 11 times
its weight of tap water at room temperature 
for 24 hours. To portions of the liquor were 
added various proportions of sodium chlorite 
and the portions w'ere left at room tempera­
ture for 24 hours in the dark. The liquors were 15 
analysed for sodium chlorite before and after 
the incubation period and bacterial counts were 
also carried out by the standard bacteriological 
technique of plating out on to nutrient agar.
The results are set out in Table I. 20
T able I 
Initial pH of soak liquor, 7.0 
Initial bacterial count, 940,000 bacteria per c.c.
Sodium
concent]
Initial
chlorite 
-ation % 
Final % . o foriginal Bacteria per cc.
% of 
original
nil nil nil 150,000,000 160
0.0101 0.0064 64 440,000 0.47
0.0202 0.0151 75 44,000 0.047
0.0400 0.0338 84 4,700 0.005
0.0600 0.0467 . 78 5,000 0.005
0.0795 0.0725 91 32,000 0.03
E xam ple  2.
A soak liquor was prepared in the manner 
described in Example 1. An especially dirty 
25 piece of skin with dung adhering to the wool 
was selected. The resulting soak liquor was a 
dark reddish brown colour. Portions of the 
liquor were adjusted in reaction to pH 7.0, 
8.0, 9.0 and 10.0 by addition of hydrochloric 
30 acid or sodium hydroxide, the volumes re­
quired being negligible compared with the 
volume of soak liquor. Sodium chlorite was 
added to one portion of liquor at each of the 
above pH  values to give a concentration of 
35 0 .0 1 6 % ; another portion was left untreated.
The various solutions were incubated at room 
temperature in the dark. After 4 hours it 
became necessary to re-adjust the reactions to 
the original, but thereafter they remained 
steady. After 24 hours a bacterial count was 
made on each portion of liquor as described in 
Example 1. The scdium chlorite in all the 
sodium chlorite-treated samples had dis­
appeared and a further 0.023% was added. 
After a further 24 hours’ incubation a further 
bacterial count was made; the sodium chlorite 
had again entirely disappeared. The results 
are set out in Table II.
T able II
Initial bacterial count, 1,200,000 bacteria per c.c.
Liquor PH
Bacteria 
1 day
per c.c.
2 days
Control 
Sodium chlorite
7.0 140,000,000
15,000,000
1,200,000,000
49,000,000
Control 
Sodium chlorite
8 .0 41,000,000
4,100,000
1,100,000,000
52,000,000
Control 
Sodium chlorite
9.0 43,000,000
3,600,000
320,000,000
37,000,000
Control 
Sodium chlorite
10.0 1,100,000
460,000
3,700,000
770,000
40
45
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Exam ple  3.
A piece of dried oxhide was soaked in 8 
times its weight of water containing 0.01% of 
sodium chlorite for 4 days at room tempera- 
l ture in the dark. After this time there was re­
maining 0.004% cf sodium chlorite in solu­
tion. A histological examination of the skin 
showed that bacteria were confined to the flesh 
surface without penetrating into the corium.
10 The advantages to be gained from the treat­
ment according to the invention are: the 
growth of deleterious bacteria cu hides and 
skins is inhibited; bacterial attack on the skin 
collagen isj avoided, thus enabling better 
IJ leather to be produced; bacterial attack on the 
hair and wool roots and unkeratinised portion 
of the epidermis is avoided; thus obviating the 
risk of hair slip and reduced value of wool- 
skins and furskins; the chlorites are able to 
20 penetrate into the skin so inhibiting the growth 
of bacteria already within the skin; the 
chlorites are only weakly adsorbed or in­
activated by skin and skin substance, hair or 
wool, and so remain effective for long periods; 
25 the chlorites are stable in weakly acid, neutral 
and alkaline solution; the chlorites are easily 
washed out of skin; if the chlorites of non­
toxic metals are used, hide scraps may be used 
in the preparation of edible gelatin; the 
30 chlorites are effective at very low concentra­
tions; the high solubility of the preferred 
chlorites in water and in brine simplifies in­
corporation in liquors and enables adequate 
quantities to be incorporated; the need to store 
35 wet-salted hides at as low a temperature as 
possible above freezing point is unnecessary; 
the maintenance of low temperatures in soak 
liquor is unnecessary enabling the soaking 
period to be reduced, or prolonged without the 
40 risk of detriment to the hides or skins; the 
chlorites are stable and not volatile in boiling 
water, so can be used economically in brines 
which are periodically boiled to coagulate dis­
solved protein; the chlorites inactivate many 
45 proteases, in particular bacterial proteases, 
only slowly, and so can be used to arrest 
bacterial growth during bating and puering and 
during enzymic unhairing; the chosen chlorites 
are safe to handle and are unlikely to cause 
50 dermatitis; the wool of sheepskins is rendered 
cleaner by soaking in chlorite-containing 
liquors; skins which have been soaked in solu­
tions of the chlorites and then piled will not 
heat in pile; the chlorites are readily estimated 
55 quantitatively even in very low concentration 
and in the presence of much organic matter 
thus facilitating process control.
The chosen salts of chlorous acid may be 
used either alone or together with other anti- 
60 septics and disinfectants, also together with 
fungicides, provided the antiseptics, disin­
fectants or fungicides do not react with the 
chosen salts of chlorous acid.
The following examples of the use of stable 
65 water-soluble salts of chiorousi acids in various
stages of preservation and processing of hides 
and skins, illustrate the process of the inven­
tion. The percentages are by weight The 
amounts of water-soluble chlorite may be 
varied within wide limits and will depend on 70 
such factors as duration of storage or process­
ing, type and cleanliness of skins and hides, 
temperature, ratio erf liquor to goods, reaction 
of the liquors, foreign materials present in the 
liquors, and the degree of bacterial inhibition 75 
required.
E xam ple 4.
In this Example is described the use of 
sodium chlorite in the preservation of hides 
and skins by wet-salting. 80
The normal practice of curing by wet-salt­
ing was carried out, comprising the covering 
of the flesh surface of the hides or skins with a 
•suitable quantity of salt, stacking or rolling up 
and allowing part of the water in the hides or 85 
skins to flow away as brine, followed by a re­
salting and storage. In place of ordinary salt 
as used in normal practice there was sub­
stituted salt intimately mixed with 1% of 
sodium chlorite. 90
E xam ple 5.
In this Example is described the use of 
sodium chlorite in the preservation of skins 
and hides by brining.
The normal practice of curing by brining 95 
was carried out, comprising the immersion of 
the hides or skins in saturated brine for usually 
1 to 2 days, followed by drainage and salting 
by application of salt to the flesh surface. In 
place of ordinary brine as used in normal prac- 100 
tice there was used a brine containing 0.25 % 
of sodium chlorite. The salting was then 
carried out with salt admixed with sodium 
chlorite, as described in Example 4. After each 
pack of hides or skins had been passed 105
through the brine, the residual chlorite con­
tent was determined and more chlorite added 
to bring the strength! back to the original.
E xam ple 6.
In this Example is described the use of 110
sodium chlorite in the prevention of putrefac­
tion in hides or skins prior to or during sun 
or shade drying.
The hides or skins as soon as possible after 
flaying were immersed in a 1% solution of 115
sodium chlorite having a neutral or alkaline 
reaction and contained in a wooden or other 
suitable vessel, for a period of 5 to 30 minutes, 
allowed to drain, and set out to dry in the 
usual manner. 120
E xam ple 7.
In this Example is described the use of 
sodium chlorite in the inhibition of bacterial 
growth on hides and skins during soaking and 
rhe prevention of heating, in the pile, of sheep- 125
skins painted with an unhairing paint.
The normal soaking practice for soaking 
dried, dry-salted, wet-salted or fresh hides or 
skins was followed except that sulphides were 
not incorporated in the soak liquor, and with 130
4the incorporation of 0.005 to 0.5';,, of sodium 
chlorite. The sodium chlorite may be added 
as a strong solution (e.g. 30%) directly to the 
liquor or bled into the main feed pipe. Sheep- 
5 skins after soaking were drained, painted and 
piled in the normal manner.
E x a m p l e  8.
In this Example is described the use of 
sodium chlorite in. an enzyme unhairing paint. 
10 The skins after soaking and draining as 
described in Example 7, were painted on the 
flesh surface with a paint composed of:
15
20
Bacterial proteinase (compris­
ing a spray-dried, filtered 
broth culture of Bacillus 
subtilis) - 
Sodium chlorite - 
Sodium azide - 
China clay - -
20%
0.4%
0.02%
To required 
consistency,
then folded along the backbone flesh side 
innermost, and stored at a suitable tempera­
ture until the hair or wool was sufficiently loose 
for pulling.
25 E xam ple 9.
In this Example is described the use of 
sodium chlorite in preventing- bacterial 
damage to hides or skins when delayed 
between deliming and bating or puering.
30 The hides or skins after deliming were left 
immersed in cold water to which had been 
added 0.01% of sodium chlorite.
E xam ple  10.
In this Example is described the use of 
35 sodium chlorite in bating or puering.
The hides or skins were delimed and suffi­
ciently well washed so that no appreciable 
quantity of sulphide remained. They were 
then bated in the normal manner except that 
there was incorporated in the bate liquor 40 
0.01% of sodium chlorite.
What we claim is: —
1. A process for the treatment of hides and 
skins to preserve them from bacterial damage 
wherein the hides or skins either before or dur- 45 
ing curing or during processing into parch­
ment, leather or furskins are treated with 
weakly acid, neutral or weakly alkaline water- 
soluble salts of chlorous arid.
2. A process as claimed in claim 1 wherein 50 
an alkali metal or alkaline earth metal chlorite
is employed.
3. A process as claimed in claim 2 wherein 
the alkali metal chlorite is sodium chlorite.
4. A process as claimed in any one of the 55
preceding claims wherein in addition to the
salt of chlorous acid another antiseptic or a 
disinfectant or a fungicide which does not re­
act with the said salt of chlorous acid is pre­
sent. 6d
5. A process for the treatment of hides and 
skins substantially as described with reference 
to any one of Examples 4 to 10.
6. Hides and skins when treated by the pro­
cess claimed in any one of the preceding $$>
claims.
ELKINGTON & FIFE,
Consulting Chemists and Chartered Patent 
Agents,
Bank Chambers,
329, High Holbom, London, W .C.l,
Agents for the Applicants.
PROVISIONAL SPECIFICATION
Improvements in or relating to Preserving Hides and Skins from 
Bacterial Damage
We, T h e  B r it is h  L eather  M a n ufac­
t u r e r s’ R esear ch  A sso c ia t io n , of Milton 
Park, Egham, Surrey, a British Association, do 
70 hereby declare this invention to be described 
in the following statement: —
This invention relates to the treatment of 
hides and skins, either in the process or curing 
or during subsequent processing to parchment, 
75 leather or furskins, to prevent the hides and 
skins or partially processed parchment, leather 
or furskins being damaged by bacteria*
The manufacture of parchment, leather and 
furskins from raw hides and skins involves a 
80 series of processes and stages during which the 
condition becomes: mere or less favourable for 
the growth of bacteria, on the skin substances. 
These are as follows:—Prior to curing; dur­
ing storage of the cured skins; during soaking;
after deliming; during bateing or puering and 85
prior to pickling or tanning; and during 
enzymic unhairing or dewool ing.
In  order to inhibit bacterial growth during . 
the above stages, recourse is usually made to 
the use of low temperatures or to the addition 9fj- 
of disinfectants or antiseptics to the curing 
salts or processing liquors. I t  is net always 
possible, and is often undesirable from other 
aspects, to work at low temperatures. On the 
other hand, the disinfectants and antiseptics 95
now in use are not entirely satisfactory and 
suffer from one or more disadvantages. Some 
readily combine- with or are absorbed on 
organic matter and so are rapidly removed 
from the system; also they combine with the 100 
skin substance itself and do not readily pene­
trate into the interior of the skin or hide, so
;
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that bacteria -already within the skin can con- produced; bacterial attack cm the hair and
tinue to grow ctespite she presence of an in- wool roots and unkeratinised portion of the 50
hibitory concentration of disinfectant dr anti- epidermis is avoided, thus obviating the risk
septic without the skin in the salt or surround- of hair slip and reduced value of woolskins
ing liquors. Others cannot be used with wool and furskins; the chlorites are able to pene-
sbeepskins owing to rapid adsorption onto the trate into the skin so inhibiting the growth of
wool. Others produce a change in the acidity bacteria already within the skin; the chlorites 65
or alkalinity cf the skin which may be undesir- are only weakly adsorbed or inactivated by
able. Others may produce undesirable effects skin and skin substance, hair or wool, and so
at later stages in processing, such as the foam- remain effective for long periods; the chlorites
ation of stains or metallic soaps. Others may are stable in weakly, neutral and alkaline
be toxic and render any waste skin or hide solution; the chlorites are readily washed out 70
pieces unsuitable for conversion into edible of skin; if the chlorites of non-toxic metals
gelatin. Others are unsuitable where the hides are used, hide scraps may be used in the
or skins are being treated with enzymes, as the preparation of edible gelatin; the chlorites
enzymes are rapidly inactivated. Others have are effective at very low concentrations; the
disagreeable odours or are liable to cause high solubility of the preferred chlorites in 75
dermatitis. Others are etily sparingly soluble water and in brine simplifies incorporation in
in saturated brine. liquors and enables adequate quantities to be
It has now been found according to this in- incorporated; the need to store wet-salted
vention that the use of alkali metal, alkaline hides at as low a temperature as possible
earth metal or other Stable water-soluble salts above freezing point is unnecessary; the main- go
of chlorous acid, in weakly acid, neutral or tenance of low temperatures in soak liquors is
weakly alkaline solution, in water or in brine, unnecessary enabling the soaking period to be
or in admixture with the curing salt is not reduced, or prolonged without the risk of
attended by any of these disadvantages. detriment to the hides or skins; the chlorites
Thus according to the process of the present are stable and not volatile in boiling water, so 85
invention for the treatment of hides and skins can be used economically in brines which are
to preserve them from bacterial damage, the periodically boiled to coagulate dissolved
I hides or skins either during curing or during protein; the chlorites inactivate many pro-
subsequent processing to parchment, leather or teases, in particular bacterial proteases, only
furskins are treated with weakly acid, neutral slowly, and so can be used to arrest bacterial 90
or weakly alkaline aqueous solutions of stable growth during bating and puering and during
water-soluble salts of chlorous acid. enzymic unhairing; the chosen chlorites are
Preferably the salts are alkali metal or safe to handle and are unlikely to cause der-
alkaline earth metal chlorites. matitis; the wool of sheepskins is rendered
Salts of chlorous acid have been known for cleaner by soaking in chlorite-containing 95
many years and are in use as bleaching agents liquors; skins which have been soaked in
and for improving flour. It has not been dis- solutions of the chlorites and then piled will
( covered heretofore, that they are suitable for not heat in pile; the chlorites are readily
preventing bacterial growth on hides and estimated quantitatively even in very low
skins. It has been reported by Ingols (Journal concentration and in the presence of much jqO
of the Institute of Water Engineers, 1930, vol. organic matter thus facilitating process
{ p. 581) that the chlorite ion does not! control.
: sterilise water. In the many processes used in The chosen salts of chlorous acid may be
tite manufacture of parchment, leather and fur- used either alone or together with other anti- .
sltins it is unnecessary to ensure sterile condi- septics and disinfectants, also together with 105
tions; merely bacteriostatic conditions are fungicides, provided the antiseptics, disinfec-
satisfactory. Chlorites may be used to prevent tants or fungicides do not react with chosen
to growth of undesirable bacteria on hides salts of chlorous'acid.
and skins and so result in improved quality of The following example in which the parts
to final products without the disadvantages are by weight and which relates to the soaking U 0
attended by methods at present in use. of sun-dried wool sheepskin, illustrates the
T he advantages obtained by the process of invention.
to present invention are; the growth of dele- To 100 parts of dried sheepskin were added
jjjrious bacteria on hides and skins on inhi- 1100 parts of. water containing 0.070 parts
W; bacterial attack on the skin collagen (0.006% based on the water) of sodium 115
ls avoided, thus enabling better leather to be chlorite and allowed to stand for four days at
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Advantages o f  Sodium Chlorite
O F  T H E  M A N Y  antiseptics and dis- ; 
infectants w hich are on the market j 
today, those that have found a c c e p - | 
tance in the leather industry can be \  
counted on the fingers o f one h a n d .' 
B y far the m ost important o f  these is 
sodium  hypochlorite, a very power­
ful disinfectant, and what is very im ­
portant, relatively cheap.;
I t  has, however, two rather seriou s1 
disadvantages. Firstly, it readily, 
com bines with protein matter in solu-- 
tion, and secondly, it com bines with  
skin substance itself. Its chief u se  is 
in soak waters where large amounts 
o f  protein are usually present. If 
added in sufficient quantity it is£ 
capable o f  sterilising the Water, but 
once used up, bacteria can proliferate.'
Its ability to  com bine with skin sub­
stance m eans that it is unable to  
penetrate into the skin, so  that bac­
teria already within the skig are un­
affected. T w o further disadvantages 
o f  hypochlorite are its availability  
only in solution and the readiness with  
which it cbm bines w ith w ool, render­
ing it useless in soaking w oo l sheep  
skins. • - i
Same Disadvantage
Other materials used in the leather 
industry ;are cresylic acid, various 
chlorinated phenols, a n d . zinc 
chloride. The phenols suffer t ^ t . 
sam e disadvantage as chlorine ip 
being absorbed by skin protein. Zinc 
chloride is disliked by vegetable  
tanners because o f  the iron present 
in the com mercial product, apart from  
which it precipitates as the hydroxide 
in neutral solution.
Sodium  sulphide, while not a true 
disinfectant, possesses bacteriostatic  
properties because o f  its high  
alkalinity, and it rapidly penetrates 
into skin. H owever, its use as a soak­
ing agent for hides and skins is rather 
limited.
A  recent patent* indicates that an 
antiseptic possessing none o f  (the 
above disadvantages is sodium  
chlorite. Sodium  chlorite is in many 
respects similar to  sodium  hypo­
chlorite but is considerably more 
stable.
It is a white, crystalline powder 
soluble in water to the extent o f  40  
per cent., giving solutions which re­
main stable even when made weakly
 ,— ---:----------r-------------------
* Improvements in or relating to Preserv­
ing Hides and Skins from Bacterial Damage. 
B .L .M .R .A . and G. H. Green, Brit. Pat. 
749,769.
acid or weakly alkaline. In solution  
is reacts relatively slow ly with pro­
tein. It is capable o f diffusing into 
skin, and is n o t so  powerful a bacteri- 
eide as hypochlorite, and because it 
does not kill spores it does not steri­
lise water. For this reason it is not 
em ployed in water purification. In  
leather manufacture, com pletely 
sterile water is not essential, and it 
is sufficient to prevent the develop­
ment o f  bacteria.
Further advantages over conven­
tional antiseptics are its non-reactivity 
towards w ool, enabling it to  be used 
with w ool sheep skins; its ready 
solubility in water facilitates its use, 
renders it easily washed out o f \th e  
skin in subsequent processes, whilst 
its end product, sodium  chloride, is 
com pletely harmless; waste pieces can 
be used for edible gelatin; there is no  
danger o f form ation o f stains or in­
soluble soaps in  later processes; it 
can be used with enzym es in enzym e  
unhairing; it is odourless and w ill not 
cause dermatitis; analytical control, 
both qualitative and quantitative, is 
relatively simple.
F or use in soak liquors laboratory 
tests have shown that sodium  chlorite 
is very effective at low  concentrations 
o f the order o f  0.05 to 0.01 per cent., 
the am ount required" depending on  
the liquor-goods ratio and the dura­
tion o f soakipg.
Som e results are given in the 
accom panying table.
Sodium  chlorite did not prevent
V  •
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mould growth on the w ool of wool 
sheep skins. However, the tempera­
ture and duration of soak were exces- • 
sive; under normal conditions mould 
growth would not be expected. These 
results have been confirmed on a 
works scale over many months.
U se in bate liquors; The choice of 
antiseptics for use in bate liquors is 
difficult as the bating enzymes may 
be inactivated. Chlorite does inhibit 
enzyme activity but only to a slight 
extent. It is doubtful, however, 
whether any advantage would be 
gained, since if bating is long enough 
to permit appreciable bacterial 
growth, or standing bates are used, 
bacterial action is being utilised to 
assist bating.
U se in enzym e unhairing; Sodium 
chlorite, has lien used satisfactorily in 
conjunction with a bacterial protease 
in both processes or in a paint at con­
centrations of 0.2 and 0.4 per cent, 
respectively.
U se in curing: Although effective 
in controlling red heat on brined and 
wetsalted skins, the quantities of 
sodium  chlorite required would not 
not render its use econom ic compared 
with such materials as pentachlor- 
phenol or orr/jo-phenyl phenol. About 
0.5 per cent, in the brine or 1 per
Test
No.
Type o f  skin Liquor
ratio
Temp.
°C
D ura­
tion,
days
NaC10,%
Histological condition 
after soakingInitial Final
I Wool sheepskin, 
dry
11 : 1 20
30
4
3*
0.10 0.074
0.056 Bacteria absent
2 W ool sheepskin, 
dry
11 : 1 20
30
4
3*
0.025 0.015
0.0085 Bacteria absent
3 Wool sheepskin, 
dry
1 1 :1 20
30
4
3*
0.010 0.0057
0.0018 Heavy bacterial growth from 
flesh surface to about half­
way through corium
4 . Goatskin, dry 8 : 1 20 4 0.020 0.0060 Bacteria on flesh surface pene­trating a little way only
5 Goatskin, D/S 8 : 1 20 4 0.020 <0.004 ■ do.
6 Hide, dry 8 : 1 20 4 0.020 0.012 Groups of bacteria on flesh surface
7 Hide, dry 8 : 1 20 4 0.010 0.0037 do.
s Hide, W/S 4 : 1 20
30
2
3*
0.050 0.0355
0.020 Not examined. Hair tight, no 
putrefactive odour
* Soaking continued at the higher temperature.
251
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cent, in the salt is required to inhibit 
halophilic bacteria for  long periods.
Eliminating bacterial attack: The 
five-day ” week often makes it 
necessary to hold skins over the week­
end in the delimed state prior to bat­
ing, or after bating prior to  pickling. 
The addition to the liquor o f about
0.01 per cent, sodium  chlorite w ill 
prove beneficial in elim inating the 
danger o f bacterial attack.
Fellmongers and calfskin tanners 
who paint their stocks o f  skins are 
frequently troubled by heating o f the 
skins in pile. The incorporation o f
0.01 per cent, sodium  chlorite in the 
soak w ill effectively prevent heating.
Analytical control: Proper analyti­
cal control enables econom ies to be 
effected by avoiding unnecessary  
excess o f material. Sufficient should  
be added to leave a sm all residue at 
the end o f the process, or, alterna­
tively, further quantities may be 
added at intervals when the concen­
tration fa lls below  a fixed level.
Suitable Method
The follow ing m ethod o f analysis 
is suitable for works control and de­
pends on the fact that chlorite w ill 
quantitatively oxydise hyriodic acid to 
iodine, the iodine being titrated with 
standard th iosu lphate: —
Take sufficient liquor to give a con­
venient titration with standard O .IN  
thiosulphate; 100 ml. o f 0.01 per cent, 
sodium chlorite solution w ill give a 
titration o f about 7 ml. Add about
0.5 g potassium iodide, dissolve and 
acidify with a few  ml. o f  5N  hydro­
chloric acid. Titrate the liberated  
iodine with thiosulphate, adding 1-2 
ml. starch solution near the end point. 
When the colour o f  the iodine is ob­
scured by the colour o f the liquor, 
the starch should be added som ewhat 
earlier.
1 ml. O .IN  thiosulphate =  0.00226 
g N aC 102.
Certain substances interfere with  
the analysis by liberating iodine from  
the hydriodic acid and yielding  
fictitiously high titration figures. 
Sulphides must not be present. 
Other substances are produced by bac­
terial or m ould action on substances 
added to the skin to  prevent insect 
damage.
Anomalous results were obtained  
on soak liquors from  D /S  goatskins 
containing naphthalene, and from  
D /S hides where the interfering sub­
stance was not identified. A n analy­
tical method for use in such cases has 
not yet been worked out, so that con­
trol must be based on similar con­
ditions and types o f skins where the 
interfering substance is absent.
Provided that certain precautions 
are observed in the tannery, sodium  
chlorite is a perfectly safe material
A  knowledge o f its dangers should  
therefore be acquired by those using 
the material.
It should not be allowed to com e 
into contact w ith mineral acids, as a 
mixture o f chlorine and a som ewhat 
similar gas, chlorine dioxide, is 
evolved (compare hypochlorite which 
liberates chlorine with acid).
It should not be handled with any 
material that contains sulphur, which  
causes spontaneous com bustion. 
Natural rubber gloves, aprons and 
boots should never • be worn when 
handling the solid material, but 
synthetic rubber o f  the N eoprene type 
is quite safe.
Strong solutions are alkaline and 
so w ill attack metals like aluminium  
and zinc. Sodium chlorite should
preferably be handled in iron, stain­
less steels or plastics vessels.
LS. Hide Imports Droj
U n i t e N .  S t a t e s  imported 42,OOOX?attle 
hides irr'May, o f which 24,000 came 
from  Argentina and 1L0OO from  
Canada. T n k  brought lo ta l imports 
for the first fivbsmontHs o f this year 
to 143,000 hides 190,000 in the
sam e period o f la^fyear.
C alf skin imDOTts in^May amounted 
to 91,000 skips, o f whicn'Canada sup­
plied 44 ,(KXl the Netherlands 15,000 
and India 13,000. The fiveSmonths 
total «r 444,000 calf skins compared 
w it}/377,000 pieces imported in Jal« 
//M ay, 1955.
Gap Between Warbled and Clear 
Widens at Paris Auctions
P u b l i c  Sales in Paris have been con­
ducted iirya very calm atmosphere. 
Sales o f first quality Paris hides, gene­
rally un w an ted , have been fairly 
easy. T he g a \  between warbled and 
clear sorts is widening and for this 
reason, provincial hides have gene­
rally been sold at inferior prices. 
M edium weight ca lfsk in s have fallen, 
w hile extra-heavies are in a good  
position, being scarcer atjd in demand 
for special uses.
H owever, everything is''being sold  
and prices are now  just b e lo y  ceiling.
Hide Prices Down
About 35,000 hides and 35,000 ^kins 
were sold in the recent two-day auc­
tion at the H alle aux Cuirs in PariS 
Prices o f hides were down 5 to  7 per'' 
cent, on last m onth. Prices for c lea r . 
hides, in francs per kilo, fresh weighj 
were:
Ox. Extra heavy 89 (88); hedvy 
89, unchanged; medium 90 (92)f l ig h t  
87 (90).
C ow s. H eavy 90 (91); medium 90 
(95); light 90 (95).
Bulls. H eavy 62 (65); % h t  80 (86).
C alves. Extra hea\ y  250 (240); 
heavy 293 (309); medium 290 (340); 
light 350 (367); extra/light 375 (381).
On the M azamet /narket there have 
been few  buyers /fo r  w oolled  skins. 
T he increase which took place in re­
cent weeks h a s/6een maintained. T he  
slat market i / v e r y  firm, w ith prices 
slightly higher. Latest quotations on 
the Mazanrfet market:
Australian merinos 1,200/1,800; 
p r im e ,/2 ,000/2,200; entrefin 2 ,300/ 
2 ,6 0 0 :/ fine crossbred 2,700/3,100; 
ordhuiry crossbred 3,200/3,600; good  
Bon-6gas 2,600/2,700; ordinary Borre- 
gas 2,300/2,500; TigtSs 1,400/1,700;
Ridds 450/600; Buissonmft and 
Pailleux 1,400/1,600; s ix th / selection 
8,500/14,000 per 100 kilc
Australian
Leather
ide and 
ftatistics
C o m m o n w e a l t h  /B ureau  o f  Census
and Statistics has issued the follow ing  
details o f  A uyralian imports and ex­
ports o f  leather and leather manufac­
tures in thar 10 months to  April, 1956 
(in A £ ’OQ0 f.o.b. port o f  shipment):
,  10 months ended
I m p o r t s  April, April,
1956 1955
Leather . .  307 305
Leather manufactures . .  353 299
E x p o r t s
'Sole leather , .  409 531
Other hide leather . .  1,347 1,114
Sheep and lamb leather . .  93 152
Other leather . .  101 92
Leather m anufactures . .  92 103
Australian exports o f sheep and 
larftb skins in the eleven months ended 
M ay\th is year totalled 99,175,000 lb. 
valueav at A£14,687,000 compared 
with >4,282,000 lb. valued at 
A£14,884)000 the same period last 
year.
M ain destinations in the eleven 
months were o
’000 lb. A £’000
France . .  V .  76,066 11,529
U.K. \  12,702 1,813
U.S.A . . .  A  3,433' 324
Italy . .  . A  1,905 294
Netherlands . .  V 1,304 166
The follow ing are aalails o f  Austra­
lian imports and exports o f hides in 
the eleven months endeck M ay, 1956 
(in A £’000 f.o.b. port of shipment):
F x p o r t s  11 m o\ths ended
May 1956Vday 1955 
Calf, cattle, horse . . 2,610 \ l , 8 6 4
I m p o r t s
Cattle hides and calf
skins .. 54 100
Furred skins . ,  518 49f\
G oat skins . .  210 2 8 l \
252
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dehorning. Lactating dairy cows should not be treated because of possible milk*gOm 
tam ination/Ti^s important that drinking water should be readily available to cattle after 
treatment. It is stated that the few instances of adverse effects that haye'oeen noted 
seem to be associated with a low water intake after treatment. Catde-'tm heavy gaining 
diets or on feed containin^highly nitrogenous materials sudjx^s urea should not be 
treated if temperatures are avera^m g4 0 °F  or lower. Sick^frimals should not be treated.
The mode of action of Trolene is nbt^efinitelwaffiaerstood, but available evidence 
indicates that it is rapidly absorbed throughN^e'rum en into the bloodstream. W ithin 
two to four hours after treatment, adequate blbsd levels are attained, sufficient to 
destroy blood-sucking parasites. T h h ^ s h o w n  by tpe^d^ath of stable flies allowed to 
feed on treated catde.
The pamphlet suggests^ufther research, both on the use of Trblene against warble, 
and against other p ^ s lte s .  Its toxicology is also discussed ; given adequate care in 
handling its use^dtfes not appear to involve any danger either to humans or&nimals.
Trolen^i<available for sale, as yet, only in certain areas in the U.S.A., but ex^eiT 
merUaFsamples are available for evaluation by qualified investigators. Small-scale tests
_qj><hping in  fh ts  rrvnnfry________________________ _ ________________________________________
Al so p u b lish e d  in J> Soc0 L e a th e r T rades Chenu, 1962, 2^6, 76*
T H E  U S E  O F  SO D IU M  H Y P O C H L O R IT E  A N D  S O D IU M  C H L O R IT E  
IN  SO A K IN G  D R IE D  H ID E S  (E M  1 1 7 )
By M ary Dem psey and G . H . Green.
(W ith the co-operation of Central Tanneries Ltd.)
SYNO PSIS.
Dried Nigerian hides for sole leather were soaked for 7 days- in water alone or with the addition 
o f sodium hypochlorite or sodium chlorite. U se o f 0.1% hypochlorite (approximately 0.01% 
available chlorine) and o f  0 .0 2 % chlorite im proved the sm ell o f  the soak pits and the handle o f  
the hides and lightened the colour o f the pelt at the rounding table. The chlorite was superior to 
the hypochlorite. It seems likely that a lower concentration o f chlorite than 0.02% might be used  
with satisfaction, but this point w ill depend on various factors (such as ratio o f liquor to goods, 
temperature o f soaking) and can be controlled in practice by testing with starch-iodide paper. 
There were no difficulties in handling the antiseptics, and they had no deleterious effect on the 
processing, the leather, or the pelt and leather yields.
IN T R O D U C T IO N .
Whenever hides and skins are soaked in plain water there is the danger that bacteria 
will develop to the detriment of the final leather, and some tanners make a practice of 
adding antiseptic when water only is used. A considerable amount of work has been done 
to find the best antiseptic to add, and Robertson(1> in reviewing this work concluded that 
chlorine, which could be added in the form of sodium hypochlorite, gave the most 
generally satisfactory results. Chlorine has a rapid action on bacteria in the soak water 
but it is not persistent(2) as it combines readily w ith organic matter, and for this reason 
it is particularly unsuitable for goods such as woolskins with their heavy weight of 
wool. Moreover, as Green has shown(3), because it combines with the skin it does not 
penetrate into i t : hence any bacteria that may already be within the skin are not pre­
vented from further growth when conditions become favourable. These considerations 
led Green(4) to test sodium chlorite, which although less powerful than hypochlorite,
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diffuses into the skin and inhibits the further development of bacteria (though it does 
not kill spores, i.e. it is bacteriostatic, not bactericidal: this is adequate for most purposes 
in the leather industry). It is a white, crystalline powder, soluble in water to the extent 
of 4 0 % , and reacts relatively slowly with organic matter. Green found that sodium 
chlorite is effective in soak liquors in concentrations 0 .0 5 - 0 .0 1 % , and therefore the cost 
of using it is about the same as that of using hypochlorite. To compare sodium chlorite 
with sodium hypochlorite for soaking dry hides intended for sole leather, a works experi­
m ent was carried o u t : a control pack without antiseptic was also put through at the same 
time. Special attention was paid to the ease of handling the antiseptics, their effect in 
reducing smells, and whether they had any beneficial or deleterious effect on the general 
processing or the quality of the finished leather. Owing to the variability of dried hides it 
cannot be hoped in a relatively small-scale experiment such as this to obtain reliable 
information on the effect of any bacterial damage to the hide during soaking on the 
leather yield : this conclusion m ust be decided by observation of many packs put through 
the works over a period of time.
EX PE R IM E N T A L  DETAILS.
A consignment of 7 5  dry N . Nigerian abattoir hides, 7 0 / 3 0 , 1 2 /1 6  lb., was randomly 
distributed into 3  packs of 2 5  hides each. All the packs entered the soak pits on 3 1 .7 .5 7 : 
the ratio of liquor to goods was 18 : i, and during the 7  days’ soaking the temperature 
fell from 6 4 ° to 61 °F. Trade water was used: its analysis over 6  months ranged as 
follows: —
C a rb o n a te ........................... ... ... 2 7 — 135  p.p.m.
M7—358 
7 6 — 3 3 2
3—
13— 6 2
Sulphate ......................................
Chloride ...   ...
N itrate ... ... ... ...
Silica, etc.  .....................................
T o the soak for Pack 1 , 0 .1 %  sodium hypochlorite (i.e., about 0 .0 1 % available 
chlorine) was added; for Pack II, 0 .0 2 % sodium chlorite, and for Pack III no anti­
septic. After soaking, the the three packs were combined into one and drum unhaired, 
limed, machine scudded, fleshed, and rounded according to usual practice: they then 
entered the tanyard in the normal way.
OBSERVATIONS.
The hypochlorite was received in carboys, and the requisite amount was plunged into 
the soak pit before entering the hides.
1 % lb of sodium chlorite was dissolved in about 2  gal. water and then added to the 
soak water and plunged. No difficulties were experienced in handling the antiseptics.
P ersistence  of A n t is e p t ic .
It is possible to test a liquor with starch-iodide paper which, when acidified, turns 
blue in contact with chlorite or with hypochlorite, but this was not done with the 
experimental packs. A pack of hides, using a ratio of liquor to goods of 9 :i  and con­
taining 0 .0 2 %  sodium’ chlorite, was put through subsequently; the final liquor caused 
the test paper to turn deep blue, showing that chlorite was still present. The results of 
a further test confirming that chlorite is more persistent than hypochlorite are given in 
Table 1 .
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TABLE I.
P e r s is t e n c e  o f  A n t is e p t ic s  
T e s t s  w it h  A c id if ie d  S ta r c h -I'o d id e  P a p e r
(Low-grade dry hides, soaked in trade water, with 1 : 8, liq uor: goods)
Antiseptic Sodium  chlorite Sodium hypochlorite
Concn. in soln. 1 % 0.015 0.01 0.005 0.1 *
1 hour deep blue deep blue fairly deep blue deejl blue
16 hours pale blue partly pale blue
partly white
2 days 11 13 91 19 very pale blue white
5 days fairly deep blue white white „
7 days white 99 99 »
* Equivalent to 0.01% available chlorine ,
Pr o c e s s in g .
After soaking:
Pack I (hypochlorite): The pits had a normal, unobjectionable smell, the hides felt 
well-soaked and handled easily: 5  showed hairslip, tested on the shoulder of the hides 
in the region of the back between the hump and cheeks.
Pack II (chlorite): The pits had a clean (“like a swimming bath”) smell, the hides 
felt well-soaked, and the surface felt clean and crisp : no hairslip, tested as above.
Pack III (no addition) The pits had a dirty, objectionable smell, the hides felt well- 
soaked, but slimy: hairslip (at the shoulder) occurred on 13 hides.
Liming and machine work were normally satisfactory for all the hides, one of Pack I 
and three of Pack III needing rescudding.
At the rounding table the three packs were easily distinguished by colour. Those 
soaked without addition were a deep-green colour, as commonly observed from a 
sulphide liming: those from the hypochlorite soak were a pale-green generally: those 
from the chlorite soak were mainly a pink-to-yellow colour, as from English hides, 
with occasionally pale-green coloration. The hides were examined individually and 
classified (Table II) according to the amount of damage attributed to putrefaction.
TABLE II.
C o n d it io n  o f  t h e  E x p e r im e n t a l  P a c k s  a t  t h e  R o u n d in g  T a b l e
Sound hides 
Slight p utrefaction
Some
Bad ”
Very bad ”
Waste hide *
Pack I 
H ypochlorite
Pack II 
Chlorite
Pack III 
N o  Addition
15 17 17
4 4 ’ 4
2 2 2
1 0 1
2 1 1
1 0 0
The whole of the hide was too  poor to process further due, presumably, to the condition o f the 
raw hide: a few individual butts, shoulders or bellies were also discarded.
During tanning, no difference from normal production was observed, and on being 
spht into bends the leather appeared good and completely penetrated, T he finished
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leathers appeared normal and the three packs, as bends, shoulders and bellies, were 
indistinguishable. After allowing for rejected hides there was no significant difference 
in leather yields.
REFERENCES.
(1) Robertson, “Progress in Leather Science: 1920-45”, p. 102
(2) Dem psey, Pound & Robertson, B .L .M .R .A . L aboratory R eports, 1937, 16, 85.
(3) Green, B .L .M .R .A . M em bers J., 1952, 7, 18.
(4) Green, Brit. Pat. 749,769; B .L .M .R .A . M on th ly  D igest, 1953, 11, 71; Leather Tr. R ev., 1956,
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R E P O R T  O F  T H E  2 2 n d  M E E T IN G  O F  T H E  K ID  T A N N E R S ’ R E S E A R C H  
\  S U B -C O M M IT T E E  A T  M IL T O N  PA R K  O N  3 rd  JU N E , 1958. A
PresentK  M r. D . E. S a m u e l (Chairman), M r . J. Jackm an, D r. K. W . P o ^ e r ,  Mr.
j\ H .  P l a t t s ,  M r . G. M. R o c k e , M r . A. T e e s d a le ,  and M r . W . A c P e p p e r e l l  
(The British Chrome Tanning Co., Ltd.) by invitation. /
1. COM POSITION O F^^H E  SUB-COMMITTEE. /
Mr. H . S. Teesdalesand Mr. S. M. Wade have resigned. M r/A . Teesdale and Mr. 
J. Jackman have been eib^ted by the B.K.T.A. /
The present composition's^ the Sub-Committee and th e^ear when each member is
due to retire are given in the fist below : /
Mr. D. E. Samuel (ChairmanWMessrs. J. Salomon Co., Ltd.) ..................... 1958
Mr. E. H . Crack (Messrs. Charle^vP. Stead & C oyL td .) .......................... 1958
Mr. H . Cruse (Messrs. George Whibhelow, Ltd*) ... ... ... ... 1959
Mr. J. Jackman (Messrs. Wade & C o . , ^ t d .V / ^ .................................................  i 9 6 0
Mr. J. H . Platts (Messrs. Bjorlow (Gt. B r^un), Ltd.) ...   ... 1959
Mr. G. M. Rocke (Messrs. Chas. Case & ^o h \L td .) ............................. 1959
Mr. A. Teesdale (Messrs. NicholsonySons & Daniels, Ltd.) ............................  i 9 6 0
The Chairman welcomed Mr. Pepperell to the mebting.
2. REPORT OF THE 21ST M E E T IN G ^  \
The Report of the 2 1 st meenng was approved. s.
3. D IR EC TO R ’S REVIEW  O E ^ E C E N T  BLM RA W ORK ON SUEDE AND G L A C K tH D .
The Director emphasised that the work of the R.A. is now planned to consist mainly 
of items which wiljnnterest more than one section of the industry. RecemsRems of special 
interest to kid tenners a re :— , N.
(i) Im p r o v in g  t h e  q u a l i t y  o f  t h e  r a w  m a t e r ia l .  N.
“Red he#t in Calcutta goat skins was much reduced by the addition of the disinfect­
ant San^dprite (sodium pentachlorphenate) to the curing salt. The treatment will pkrtect 
the skms from “red heat” in storage and in transit, provided they are in good condition 
wj?<m treated (L.R ., Vol. XXXIV, 1955, p. 124).
G-.H.GRE'E N .
D . S c .  i 5^62
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THE INFLUENCE OF “  BREAKING - OVER ”  SU N -D R IE D  
SHEEPSKINS DURING SOAKING ON WATER UPTAKE. 
By G. H. Green.
When soaking back sun-dried sheepskins, the general fellmongery practice 
both in Great Britain and abroad, is to stretch the skin, called “ breaking- 
over,” at some stage during the soaking process. Nowadays this is usually 
done in a de-burring machine. In the Straiton type of machine, the flesh 
surface is brought into contact with rotating serrated rollers which stretch the 
skin and break up the surface layer of heat-coagulated protein : this causes a 
marked softening' of the skin. During soaking after this treatment, it is con­
sidered that the rate of water uptake is greater, and hence the time of soaking 
can be reduced.
The present investigation was undertaken to obtain quantitative evidence 
in support of this view. To assess the influence of the type of skin, a variety of 
different types was investigated and the influence of the stage at which de-burring 
is carried out was also studied.
Experimental.
The following five types were chosen as offering a wide variety of physical 
characteristics (thickness, fat, and less easily defined differences due to climatic 
conditions and breed) :
(A) South Australian cross-bred ; (B) New South Wales cross-bred ;
- (C) Victorian cross-bred ; (D) Tasmanian merino ; (E) New Zealand cross­
bred.
One representative skin of each type was used. This was found to be 
sufficient, as subsequent work showed little difference between the five types.
At intervals during soaking, two circles 1 in. dia., 2-3 in. on each side of 
the backbone were punched out, starting 2  in. from the root of the tail and 
leaving \  in. between the edges of successive samples.
After clipping the wool as closely as possible with scissors, the samples 
were weighed in tared dishes and heated to constant weight (6 |  hr.) in air at 
105°C., the loss in weight being recorded as moisture.
Not more than six skins were soaked at one time in an iron tank 4 ft. X  3 ft. 
X  3 ft. deep. The water was changed daily and the temperature maintained 
at 50-53 °F. except where otherwise indicated.
The skins were de-burred in a Straiton machine.
Results.
Duplicate samples from the same skin often had widely different moisture 
contents : the two samples from one fully soaked skin differing by as much 
as 10%. The differences persisted throughout the tests and are ascribed to 
differences between the samples of skin (probably in fat content) taken from 
opposite sides of the backbone. The mean figures are given in Table I.
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TABLE I.
M o ist u r e  C o n t e n t  of D r ie d  Sh e e p s k in s  D u r in g  S o a k in g  a n d  B r e a k in g  O v e r . 
(Temperature o f  Water, 5,0-53°F.)
Skin N o.
Experiment 1. 
A  B C D E Skin N o.
Experiment 2. 
A  B C* D * E*
Time
o f
, soak- _ 
ing
Ave. dry wt. o f  sample, g
0-35 0-3  0 -5  0-35
Moisture, %
0-3
Time
o f
soak­
ing
Ave. dry wt. o f  sample, g.
0-45 0-25 0-3 0-25 0-3  
Moisture, %
0  hr. 9 12 9 14 12 0 days 12 10 12-5 15-5 13
2 „ 42 43 30 47 43-5 1 „ 49 60-5 64-5 69-5 74-5
5 ” - 43-5 49 38-5 54'5 50-5 2 „ 60 72 69-5 76 79-5
8 „ 50-5 56-5 39-5 60 59 3 „ 65 70 73 76 80
24 „ 58 60-5 52 64 69 4 „ 63 70 74 75-5 73
2 days 63 61-5 56 68 73-5
3 „ 65 62 58-5 68 75-5
4 „ 65-5 62-5 59 69 73
5 „ 70 63 61 73 71-5
6 „ 68-5 58 74-5 68-5
^Temperature o f  soak water, 50-56°F.
N ote : A  horizontal line across a column indicates that this skin was broken-over 
immediately after taking the preceding sample.
Discussion.
In Experiment 1, the skins were soaked until the rate o f water uptake had 
become very slow or ceased altogether (3-4 days), and then were broken-over 
and re-soaked. Determinations of the moisture contents o f some of the skins 
before and after breaking-over showed that they remained unchanged. Breaking- 
over does not therefore cause an immediate increase in water take-up, although 
during the process the skins were sprayed continuously with water. Breaking- 
over at this stage, did, however, usually result in an appreciable amount o f 
water being taken up during the next 24 hr., after which the water content 
remained constant or began to fall. I f  the water content was already falling 
before breaking-over (skin E), it continued to do so after breaking-over.
In  Experiment 2, the skins were broken-over after only one day’s soaking, 
i.e., before they had reached their maximum water uptake. A further one or 
two days were then required to reach maximum water content, making two to 
three days in all, in contrast to the four to five days required in Experiment 1 . 
Thus, breaking-over after a short soak decreases the total time required for 
maximum uptake o f water, and it will be observed also that the maximum water 
content attained by four out of the five skins is greater than where breaking- 
over is carried out later on.
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It is well known that the flesh surface of sun-dried skins is covered by a 
parchment-like layer (Fig. 1). These layers are probably the cause of the 
relative rigidity o f the partially soaked skin and can only take up water in the 
same manner as the bulk of the skin after they have been stretched and rendered 
supple. This may account for part at least of the additional water uptake after 
breaking-over. Further, the compact nature of these layers may lower the 
rate of penetration of water into the skin.
F ig . 1.
The experimental results show that longer soaking, either before or after 
breaking-over, decreases the water content o f the skin. McLaughlin and 
Theis1 also observed that the swelling o f ox hide decreased on oversoaking. 
Such a decrease indicates bacterial attack on the fibres causing a loss of water- 
binding capacity2.
Mellon et alz who studied the water absorption of proteins and their 
derived polypeptides and amino acids found that water absorption decreased as 
the chain shortened. Whilst m ono-, d i- and tri-glycine are non-hygroscopic, 
high glycine polymers absorbed as much water as the peptide backbone of 
proteins.
Defects caused by oversoaking should be well enough known to need no 
repetition. The question now arises, how long should skins be soaked before 
they are broken-over ? Two factors must be taken into consideration. Firstly, 
the tensile strength o f an undersoaked skin is lower than that of a fully soaked 
skin, and since breaking-over is a relatively drastic operation, the likelihood 
of tearing the skin becomes less the longer it is soaked. ' The tensile strength 
of a sheepskin varies with the breed of sheep and climatic conditions during 
growth.
New South Wales sheepskins, for example, are very prone to  tear in the 
de-burring machine. Secondly, the parchment layer, besides resisting water
2 0 0
penetration, also resists penetration by bacteria. Thus, it was observed that 
bacterial degradation begins earlier where the skins are broken-over after a 
short soak, so that soaking after breaking-over should be reduced to a minimum. 
In fact, provided the skin is fully soaked before breaking-over, further soaking 
may not be necessary. Additional water will readily be taken up during subse­
quent dewooling, whether by sweating or by sulphiding. The conclusion was 
reached, therefore, that the period of soaking prior to breaking-over should be 
just sufficient for the skin to reach its maximum water uptake and mechanical 
strength, but not long enough for bacterial action to become apparent. The 
skin should then be broken-over and passed on to the next process, but if 
further soaking is considered necessary it should be restricted to one day. 
If, in cases of emergency, the time of soaking is increased, then an antiseptic 
should be added to the water.
The assessment of the most suitable soaking time is usually left to personal 
experience, since it is dependent on two variable factors, the temperature of 
the soak water and the variety of skin. The results obtained have shown that 
with five types of dried skin the variation was only from three to four days and 
could, therefore, be safely fixed at three days for all skins at the temperature 
(50-53°F.) used in the present experiments. Further work is required to 
determine the most suitable time for soaking at other temperatures.
It should be noted that any bacterial attack which occurs during soaking 
cannot be ignored even in the sweating process. Soak waters are anaerobic4 
whereas the bacteria active during sweating are aerobic .5, 6 The anaerobic 
bacteria in soak water are capable of loosening the wool, but only at the expense 
o f deep-seated putrefaction.
Summary.
Breaking-over, i.e., stretching, of sun-dried sheepskins after soaking, 
results in a higher uptake o f water than would otherwise be achieved. If  
carried out after a short soak, the time required for maximum uptake of water 
is less and a higher maximum uptake of water is attained. Explanations of 
these observations are given and suggestions are made on how to decide the 
most suitable stage for breaking-over and total time of soak.
The author is indebted to Messrs. Sanderson and Murray, Ltd., Galashiels, 
Scotland, for providing the facilities to enable this work to be carried out, and 
to the Director and Council of the British Leather Manufacturers’ Research 
Association for permission to publish this paper.
British Leather Manufacturers' Research Association,
M ilton Park,
Egham, Surrey.
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Studies in Fellmongering—I.
THE SWEATING OF SHEEPSKINS.
By G. H. Green.
Whilst the sweating process for unhairing skins goes back thousands o f 
years, it is only recently that any systematic study has been made of the funda­
mentals of the process. This is not surprising as the process went out of fashion 
except for use with sheepskins over half a century ago, at a time when the 
science of bacteriology was in its infancy. The only reason for its survival 
in the case of sheepskins is that it provides the only satisfactory means o f 
recovering the wool with no danger of damage, and even here it is confined to 
the finest Merino and Crossbred wools.
Within the past 20 years two comprehensive studies of the process have 
been made by Chambard and Azemar1 in France, and by Lennox and co­
workers2’3 in Australia. As a result of this work a great deal is now known of 
the theory behind sweating, but it is true to say that little, if any, benefit has 
been derived by the fellmongering industry. Any improvements that have been 
made in the process have arisen more as a result of trial and error by the fell- 
monger and by the construction of sweating chambers allowing a more adequate 
control of temperature and humidity. The aim of the present investigation, 
whilst to  some extent of a fundamental nature also, has been with a view to 
achieving higher efficiency and improved wool and skins.
Materials and Methods.
The skins used throughout were sun-dried New Zealand Crossbreds. 
Pieces cut as required were soaked for 24 hr. in tap water at 18-22°C and
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stretched by flexing over the edge of a sheet of plate glass. Sweating was 
carried out at 21-23°C over water, acid, or other aqueous solution in a desiccator 
or battery jar, the skin being placed flesh side upwards on a glass support.
The Lennox Depilation Load Method for Measuring Wool Looseness.
For following wool loosening in the laboratory using small pieces of skin, 
a physical method is desirable which leaves the majority of the wool intact so 
that further measurements can be made at intervals. With only minor modifica­
tions the method used was that devised by Lennox4. A 200 g. Salter’s balance 
replaced Lennox’s 250 g. balance, and to grip the staple a spring clip was 
substituted for a nail clipper. A small collar of thin, springy brass foil was 
placed under the pointer to record the maximum load applied. An error 
made up of three factors, (a) the indicator collar not corresponding exactly 
with the pointer, (b) the weight of the spring clip, and (c) the friction of the 
indicator collar on the body of the balance, was determined by applying a 
known force with and without the collar and clip in position. This error used 
to correct all readings was independent of the applied load. The load was 
applied evenly by gearing down with a suitable worm and toothed wheel. 
The complete apparatus constructed from Meccano parts is shown in Fig. 1.
F ig . 1.
Depilation Load Apparatus.
The depilation load (D.L.), as defined by Lennox, is “ the force required to pull 
a staple of wool from the skin, cutting a 2.5 cm. length from the middle of the 
staple, scouring, drying and weighing, and calculating the pull (in grammes 
weight) required to detach a staple of which 2.5 cm. weighs 1 mg.” Measure­
ments were made at room temperature, rate of application of load 50 g. per sec.
Often there was considerable variation in D.L. from staple to staple and the 
mean of six measurements was always taken. This variation was due to 
differences in wool tightness and not to errors in measurement, as after various 
chemical treatments, e.g., with ammonia, concordant results could usually be 
obtained.
Two methods of wool pulling are employed in Great Britain. The
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commoner method of pulling over a beam is a pushing action with the palms 
of the hands. The other method known as pulling on the knee, is a plucking 
action with the fingers or fingers and palm : it is considerably slower and the 
wool must be much looser. Average numbers of skins pulled by experienced 
pullers by the two methods are 60 and 20 per hour, respectively. The advant­
age of pulling on the knee is that a greater number of sorts of wool can be 
pulled from one skin. To ascertain what D.L. corresponded to a loose enough 
wool for pulling in the fellmongery, measurements were made at fellmongeries 
employing the two methods on dried Australian Crossbreds. D .L.’s were 
taken on the neck area where the wool is usually tightest and the area selected 
by pullers for testing a skin’s readiness for pulling. At fellmongery A using 
beam pulling, there were very few tight skins and measurements were made 
on satisfactory skins ; at fellmongery B using knee pulling, measurements were 
made on tight skins of which there was a fairly high percentage. As shown in 
Table I, a D.L. of below 1.0 was required for pulling on the knee, whereas over 
the beam a D.L. of 9.5 was not too high. These figures can only be regarded 
as giving a rough comparison between the two methods and will differ from 
one fellmongery to another and according to labour conditions.
TABLE I.
D e p il a t io n  L o a d s  o f  S a t isfa c t o r y  a n d  T ig h t  S k in s .
Fellmongery M ethod o f  Pulling
D .L . o f  satisfactory skins, g
A  ... Beam . 3-3 , 9 -5 , 6-9 , 6-2, 2 -3 , 2 -3 , 1-1, 3-9
D .L . o f  tight skins, g.
B ... Knee . 1-6, 5-9, 1-1, 1-7, 1-0, 1-5, 1-8
It is evident that a big difference does exist which has an important 
practical significance. For knee pulling the skins must be sweated to a more 
advanced stage, with a consequent increase in loss of pelt substance and a 
greater danger of oversweating and production of run pelts. The incidence of 
run pelts in general was much higher at fellmongery B than at fellmongery A. 
Hence knee pulling can only be justified if the higher price obtained for the 
finer sortings of wool outweighs the higher labout costs and higher incidence 
of run pelts and poorer pelt quality generally.
Isolation and Characterisation of Bacteria from Wool Roots of Sweated skins.
Considerable work has already been carried out in this field by Chambard 
and Azemar1 and by Maxwell3-5’6. Chambard and Azemar showed that 
inoculating sheepskins with pure cultures of unhairing bacteria was beneficial, 
and the aim of the present work was to isolate the unhairing bacteria in order 
to repeat some of their work on a larger scale.
E x p e r im e n t a l  M e t h o d s .  Earlier work showed that the typical wool- 
loosening bacteria were aerobic, gelatin-liquefying organisms. The method 
of isolation was that used by Maxwell5 except that the wool root was cut to 
about 1 mm. The wool was obtained from sweated South African Crossbred
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skins. It was found essential to plate out the bacteria immediately after pulling 
the wool, as where pulled wool was kept for 24 hr. in a sterile bottle, no gelatin 
liquefiers survived. Pieces of sheepskin were sterilised with bisulphite at pH2 
by Anderson’s modification7 of Maxwell’s method6.
Results and Discussion. Eleven strains of aerobic bacteria present in 
appreciable numbers were isolated, of which five liquefied gelatin. Details of 
morphology and cultural characteristics of these five are set out in Table II.
TABLE JI.
M o r p h o l o g ic a l  a n d  C u l t u r a l  C h a r a c t e r ist ic s  o f  A ero bic  G e l a t in -L iq u e fy in g  
B a c t e r ia  I s o l a t e d  fro m  th e  W o o l  R o o ts o f  S w e a t e d  Sh e e p s k in s .
A3 Rods, ca. 1 >  ; good growth at 22° and 30°, slight at 37°, optimum, ca. 30°.
Nutrient agar : round, granular, entire, raised, yellow-brown, watery, translucent,
glistening, 3 mm. „
Gelatin s t a b liquefaction, cylindrical changing to funnel-shaped ; pellicle, orange ; 
liquid orange, turbid ; sediment, orange-yellow, viscous ; reaction, alkaline.
Potato : yellow, spreading, medium unchanged.
M ilk  : alkaline, curd precipitated and partially digested.
B1 Coccobacilli, ca. 0 -5  ;x ; good growth at 22° and 30°, none at 37°, optimum, ca. 30°.
Nutrient agar : round, entire, raised, white, watery, translucent, glistening, 3 mm.
Gelatin stab : liquefaction, cylindrical ; pellicle, nil ; liquid, turbid ; sediment, 
white, viscous ; reaction, alkaline. ^
Potato  : no growth.
M ilk  : alkaline, followed by curd precipitation, then acid.
B3 Rods, 1 [x ; good growth at 22° and 30°, very slight at 37°, optimum, ca. 30°.
Nutrient agar : round, granular, entire, convex, white with brown centre, watery, 
translucent, glistening, 1.5 mm.
Gelatin stab : liquefaction, funnel-shaped ; pellicle, white, friable, trace ; liquid, 
clear ; sediment, white, viscous, slight ; reaction, alkaline.
Potato  : brown, abundant, spreading, medium unchanged.
M ilk : curd precipitation.
B4 Rods, 0 -6 -1  -2 [x ; good growth at 22° and 30°, very slight at 37°, optimum, ca. 22°.
Nutrient agar : round, granular, lobate-ragged, convex, white with brown centre, 
watery, translucent, glistening, 3 • 5 mm.
Gelatin stab : liquefaction, cylindrical ; pellicle, white, tenacious, slight ; liquid, 
clear ; sediment, white, viscous ; reaction, alkaline.
Potato : brown, abundant, spreading, medium unchanged.
M ilk  : alkaline followed by curd precipitation, then becoming neutral followed by 
partial digestion o f  the curd.
p H  o f  growth : optimum, 7.0 ; rapid, 6.0-7.5 ; slow, 5 .0 -6 .0 ,1.5-9.5  ; very slight 
growth beyond these limits.
Peptone water : good growth.
Sensitivity towards sodium azide  : good growth in 0.001 %, no growth in 0.01 %.
B5 Slender rods up to 1 - 4 (x ; equally good growth at 22° and 30°, none at 37°.
Nutrient agar : round, wrinkled, entire, raised-convex, white, watery, translucent, 
glistening, 1 • 5 mm.
Gelatin stab : liquefaction, cylindrical ; pellicle, thick, pale brown ; liquid, clear, 
orange-yellow ; sediment, flocculent, pale brown, reaction, alkaline.
Potato  : brownish yellow, slight ; medium unchanged.
M ilk  ; curd precipitation.
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TABLE II {continued).
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A3 •=- — — — +  +  +  —
B1 -  N o  growth
B3 — — — +  — +  +  N o  growth
B4 -  + . - -  +  +  +  _
B5 -  ' -  -  -  _  4 . N o  growth
The effect of inoculating sterile skins with these bacteria is shown in 
Table III.
TABLE m .
G r o w t h  of P u r e  C u l t u r e s  o f  B a c t e r ia  I so la t ed  fro m  Sw e a t e d  S k in s
o n  St e r il e  Sh e e p s k in s .
No. o f  bacterium  
A3
B l
B3
B4
B5
Skins sweated for 7 days at 20°C.
Appearance o f  skin after sweating 
Weakly ammoniacal smell with characteristic smell super­
imposed. W ool fairly loose. Pelt white and covered on flesh 
surface with yellow bacterial slime.
Characteristic smell. W ool fairly tight.
Characteristic smell. W ool fairly loose. Flesh surface pale 
yellow and covered with bacterial slime.
Ammoniacal smell. W ool very loose. Pelt white.
Similar to A3.
All the gelatin liquefiers were capable of partially loosening the wool, but 
only B4, producing ammonia, loosened the wool completely. When the 
species was inoculated on to non-sterile skins the time required to reach a 
D.L. of 1.0 was reduced by one day at 21-22°C. Bacterium B4 appears to be a 
member of the genus Pseudomonas, resembling, but not identical with, 
Ps.putrefaciens9. The remaining four gelatin liquefiers must be ' classified 
among the Bacteriaceae.
Chambard and Azemar1 isolated two bacteria responsible for wool 
loosening from sweated domestic French sheepskins, belonging to the genus 
Bacillus, whereas Maxwell3-6 found that Proteus vulgaris was the principal 
agent in Australian skins, and a member of the genus Pseudomonas in U.S.A. 
and Canadian skins. No strain of Pr. vulgaris was isolated in the present work. 
It is a matter of interest and requires further investigation whether the bacteria 
responsible for wool loosening are characteristic of the skins, i.e., present on 
the wool in the first place, or characteristic of the fellmongery. The latter 
seems the more probable for two reasons. Firstly, the bacteria isolated by 
Maxwell, and in the present work, were non-sporing and unlikely to survive 
for long periods under unfavourable conditions on the dried skin. Secondly, 
it is well known that sweating is much slower in new than in old established 
sweating chambers, suggesting that infection by the principal unhairing species 
occurs chiefly by air-borne bacteria in the sweating chambers.
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Direction of Penetration of Bacteria to the Wool Roots.
During sweating, the wool root is partially digested by bacteria9’10, but 
there is some doubt as to whether the bacteria penetrate to the root down the 
follicle or from the flesh surface. Penetration down the follicle was the earlier 
view (cf. Seymour-Jones11 and although it is not explicitly stated appears to be 
the opinion of Maxwell6. There is, however, much evidence that bacteria 
penetrate from the flesh surface. Bacterial penetration into skin from the 
flesh surface rather than from the epidermis has been demonstrated histolo­
gically with ox hide12 and calf skin13, and also during the sweating of sheep­
skin10. A very old fellmongery practice with skins that fail to sweat is to rub 
the flesh surface with the bacterial slime from the flesh surface of a properly 
sweated skin. Fatty skins are more difficult to sweat because bacteria cannot 
penetrate the layer of fat. This was readily demonstrated in the laboratory 
by taking three pieces of skin cut from different areas of the same sheepskin, 
having on the flesh surface (a) very little fat, (b) a moderately thick layer, and 
(c) a very thick layer of fat. Each piece was sweated for five days at 21°C. and 
examined for wool looseness and development of bacterial slime with the 
following results : (a) wool very loose ; fair amount of bacterial slime,
(b) wool fairly tight ; small amount of slime, (c) wool very tight ; no slime. 
It is well known that green-fleshing of skins greatly facilitates sweating, pre­
sumably by removing such fat layers. On the other hand the resistance of the 
epidermis to bacterial penetration is illustrated par excellence in the living skin. 
In addition, it is resistant to penetration by water and by salts. The presence 
of the epidermis greatly inhibits water penetration14, and during brining and 
soaking the majority, if not all, of the salt enters and leaves through the flesh 
surface15* 16>17, Lennox18 showed that ammonia penetrates through the flesh 
surface only. Proteolytic enzymes cannot penetrate an intact epidermal 
layer14.
To confirm that bacterial penetration occurs through the flesh surface and 
not down the wool follicles, two pieces of sterile sheepskin were placed flesh 
and wool side downwards, respectively, in Petri dishes containing a just molten 
mixture of beeswax and rosin. They were each inoculated on the exposed 
surface with a suspension of bacteria obtained from the wool roots of sweated 
skins, and incubated at 25°C. After three days, the wool on the piece flesh 
side up was very loose, and that of the piece wool side up was still perfectly 
tight.
The Influence of Ammonia on Sweating.
In a comprehensive study of the part played by ammonia in the sweating 
process, Lennox et a / . 18’19 confirmed earlier work that the ammonia liberated 
by bacterial action may contribute to wool loosening, but will not on its own 
loosen the wool completely, and if present in high enough concentration it 
will inhibit the growth of the specific wool-loosening bacterium. It is of 
practical interest to know whether the accumulation of ammonia in a sweating 
chamber is beneficial in assisting the loosening of wool by chemical means, or 
detrimental by inhibiting bacterial growth. Because if ammonia inhibits
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bacterial growth, sweating might be facilitated by removing the ammonia 
continuously.
E x p e r im e n t a l  M e t h o d s .  Skin pieces were incubated in a desiccator 
over 100 ml. O.In or 0.05n sulphuric acid contained in an 18.5 cm. porcelain 
dish, thus presenting a large surface area for absorption of evolved ammonia. 
Ammonia was estimated by titrating 10 ml. portions at intervals. In other 
experiments, ammonia or sodium hydroxide solutions were substituted. The 
carbon dioxide evolved was estimated by aspirating carbon dioxide-free air 
through the sweating vessel (cf. Lennox el a/19), passing it through standard 
0 .2 n  baryta and titrating the residual baryta to thymolphthalein without 
filtration.
Ammonia in the pelt was estimated by grinding the dewoolled pelt in a 
m ortar with sand and O.In sulphuric acid, filtering, and distilling from alkali 
into saturated boric acid in a micro-Kjeldahl distillation apparatus. Carbon 
dioxide and volatile organic acids were similarly determined by grinding with 
sand and water and distilling from sulphuric acid into O.In sodium hydroxide. 
Volatile organic acids were determined after precipitating the carbonate with 
excess barium chloride and filtering (the small amount of hydrochloric acid 
formed on acidification did not affect the distillation), and the carbon dioxide 
was obtained by difference.
pH  measurements of the skin surface and solutions were made with 
Johnson’s Comparator papers, the accuracy being about ± 0 .1  unit.
R e s u l t s .
p H  Changes and Ammonia Production. During the early stages of sweating, 
the pH  of the skin surface rose about one unit (7.3 to 8.3). The higher pH was 
maintained almost constant throughout sweating, irrespective of whether the 
skin was over water, sulphuric acid, or sodium hydroxide. A similar change 
in pH  was observed under works conditions and also by Lennox et al19 for 
aerobic sweating. Furthermore, the rate of wool loosening (D.L. measure­
ment) was exactly the same over each liquid. The same results, apart from an 
over-all increase in rate, were observed when the skins were first inoculated 
with a fresh culture of unhairing bacterium B4.
The rate of liberation of ammonia increased rapidly towards the end of 
sweating, the amount produced by the time the D.L. had fallen to 1.0 varying 
from 236-562 mg. N H 3 per 100 g. dry pelt. These figures are in good agree­
ment with those o f Lennox et al , 1 9  (who calculated on the basis of total skin 
weight of which only about one third is pelt).
Production o f  Ammonia, Carbon Dioxide, and Volatile Organic Acids. In 
addition to the volatilised ammonia, an appreciable amount is retained in the 
pelt, and it might be thought that the production of all this ammonia would on 
its own raise the pH  of the pelt and the water over which sweating took place, 
well above 8.3. This is prevented, however, by the production of large quanti­
ties of carbon dioxide. For example, a piece of skin inoculated with bacterium 
B4 during sweating for 3 days at 23°C evolved 7.2% of its dry weight of carbon 
dioxide. In another experiment, pieces o f skin were sweated over water.
26
Ammonia, carbon dioxide, and volatile acids were determined at the end of 
sweating, in the water and in the pelt. The results, recorded in Table IV, 
show that both the liquor and the pelt contain a considerable excess of ammonia 
over the acidic products, indicating that most of the carbon dioxide evolved 
was lost to the atmosphere.
Introduction o f Ammonia Prior to Sweating. Introduction of 0.6m ammonia 
to the sweating vessel caused the pelt pH  to rise within a few hours to 9.3 and 
the wool to loosen partially to a D.L. of 9-11, which remained unchanged for 
four days when the experiment was discontinued. Using a weaker solution,
0.125m, the initial result was the same, but after one to four days the ammon­
iacal smell had almost disappeared and the pH  of the pelt and liquor had fallen 
to 8.3. Wool loosening recommenced after a further delay of about two 
days. The results o f a typical experiment are shown in Table V. Analysis 
of the liquor and pelt showed that 93-95 % of the original ammonia could be 
accounted for as ammonium carbonate. Four stages are thus evident : firstly,
TABLE IV.
A n a l y s is  o f  L iq u o r  a n d  P e l t  a f t e r  S w e a t in g  o ver  W a t e r .
Skin pieces 12 sq. in. (dry pelt weight 5 • 0 g.) sweated over 100 ml. water at 23° :
A  sweated 4 days after inoculation with unhairing bacterium,
B sweated 7 days without inoculation.
N o. Ammonia
M equivalents
Carbon
dioxide
Volatile
acid
A ... Liquor ... ...............  17-2 1-8 3-9
Pelt ...............  0-8 — 0-3
B ... Liquor ... ...............  25-0 0-2 6-3
Pelt ..............................  0-8 0-2 0-3
TABLE V.
Sw e a t in g  o v er  A m m o n ia .
Skin piece 9 sq. in. sweated over 100 ml. 0 - 1 2 5 m  ammonia at 23°C.
Period o f  Sweating pH  o f  liquor pH  o f  pelt D .L .
0  hours ... > 1 0 7-2 22
0-5 > 1 0 8-3 —
1 > 1 0 8-4 —
1-5 > 1 0 8-6 —
2-5  . ... > 1 0 9-2 —
5 > 1 0 9*3 —
7 > 1 0 9*3 —
24 10-0 9*3 10
2 days ... 8-3 8*3 11
4 8-2 8*2 11*5
3 8-2 8-2 11
6 8-1 8*2 2*6
7 8-4 8*4 2*3
a chemical loosening of the wool by ammonia ; secondly, the growth of non­
wool-loosening bacteria at the high pH  with production of carbon dioxide and 
neutralisation o f the added ammonia ; thirdly, a lag period when the wool-
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loosening bacteria re-establish themselves ; and fourthly, the commencement 
of normal sweating.
Introduction o f Ammonia During Sweating. An excess of ammonia was 
introduced into the sweating vessel when the D.L. had fallen below 10. With 
0.6m ammonia, the pH of the pelt rose above 10, the rate of wool loosening 
was hardly affected, and the epidermis came away in sheets with the wool. With
0.125m ammonia, the pH  rose to 9.3 and fell within two days back to 8.3. 
The rate of wool loosening was retarded, but not stopped completely.
D is c u s s io n .
During aerobic sweating, a large amount of carbon dioxide and smaller 
amounts of volatile acids and ammonia are produced by bacterial degradation 
of the skin proteins. There is an equilibrium ratio of these products in solu­
tion in the water contained in the skin tissues, and also in any water present in 
the sweating chamber, which stabilises the pH  at about 8.3. This pH  is slightly 
above that of freshly prepared ammonium carbonate solution (8 .0 ) which does 
not smell appreciably of ammonia, but if allowed to stand exposed to the 
atmosphere loses carbon dioxide and then had a pH  value of 8.3 and an 
ammoniacal smell. pH  8.3 is somewhat above the optimum for growth 
of wool-loosening bacteria, but is well below the upper limit for growth 
(pH 9.5) (see above). It is not possible under normal conditions to disturb the 
ammonia/carbon dioxide equilibrium so as to lower the pH. Sweating over 
sulphuric acid has been shown to be ineffective, nor would an air circulating 
system which removed ammonia be expected to have any influence. The 
considerable quantity of carbon dioxide evolved during sweating accounts for 
the low pelt recoveries (65-90% of the fresh skin dry weight) observed by 
Chambard and Azemar1.
The introduction of ammonia prior to, or during, sweating raises the skin 
pH above the growth limit of the unhairing bacteria and so sweating is inhibited, 
though chemical loosening of the wool may occur. Chemical loosening does 
not proceed far enough to enable the wool to be pulled by hand unless the 
ammonia is introduced towards the conclusion of sweating : similar results 
were reported by Lennox et al.19.
The Influence of Nematodes on Sweating.
Nematodes have been observed on sweating sheepskins probably as long 
as the process has been used. They may be seen on the flesh surface as an 
iridescence of the bacterial slime, and individual nematodes are sometimes 
observed on the fittings in the sweating chamber. Their length averages
0.5-2 mm. Hampshire20 concluded they were the cause o f “ run ” pelts,
1.e., pelts with circular or oval pitted marks usually on the flesh surfaces, but 
frequently on the grain surface also. The evidence put forward by Hampshire 
was that they were found in large numbers on all run pelts, whilst either very 
few or none at all were found on undamaged pelts ; also they possess tooth­
like appendages at the mouth, which are used for boring and disintegrating. 
Cobb21 identified the nematode as Rhabditis icosiensis.
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Because Hampshire stated ‘ their elimination is of economic im portance/ 
the present investigation was carried out to check some of Hampshire’s con­
clusions, discover the source of infestation, and if necessary find a means to 
eradicate them or hold them in check.
The investigation was carried out at a fellmongery dealing with dried 
Australian and dry-salted Cape sheepskins. Knee pulling was used, hence 
the sweating was carried to an advanced stage, and nematode damage would 
be expected to be severe. It was observed that the appearance of nematodes 
in large numbers was always preceded by the formation of bacterial slime. 
Very heavy infestation on the flesh side was invariably found at the conclusion 
of sweating, very little if any on the wool side. Pits as described by Hampshire 
were observed only very occasionally, and were attributed to defects in the raw 
material rather than to nematodoes. It is difficult to believe that a pelt heavily 
infested will be attacked by nematodes at only one or two spots. The pits 
were almost certainly caused by bacteria, either by virtue of a fault in the raw 
material enabling it to be more readily digested or to a colony of collagen- 
degrading species of bacteria of particular virulence. In either case a local 
concentration of bacteria could account for the proliferation of the nematodes 
utilising the bacteria as food.
Although pitted pelts were few, those with translucent areas, which are 
hereafter referred to as “ run ” pelts, were fairly common and it was considered 
desirable to see whether the incidence of these could be correlated with nematode 
infestation.
S o u r c e  o f  I n f e s t a t i o n .  Skins soaked back and sweated in the labora­
tory using either tap or well water did not develop nematodes. Skins soaked 
in the works and sweated in the laboratory did develop nematodes. No 
nematodes could be detected microscopically in a used soak water, either 
because of their high dilution or to their tendency to adhere to the skins. 
Neither could they be found on the skins after soaking, again because there 
were so few in number. One source of contamination in the soak pits was 
found to be the wooden beams used to prevent the skins floating to the surface. 
Other sources were the trolleys and workers’ boots, which were continually 
passing between the pulling shop and the soak pits. Further contamination 
was provided in the sweating chambers themselves, on the wooden sticks used 
for supporting the skins and even in the m ortar in the brickwork. There was 
no evidence of nematodes being airborne.
As no selective poison for nematodes is known, with the possible excep­
tion of methyl bromide which is not suitable for use in a fellmongery, an 
attempt was made to eliminate the nematodes as far as possible by hosing 
down the walls and floor of the soak pit and sweating chamber, and scrubbing 
all wooden fitments with a strong hypochlorite solution. Control batches of 
skins were put through simultaneously. After sweating for the normal period, 
the skins were pulled by a set of experienced pullers and divided into two 
batches, satisfactory and tight. The former were further sub-divided 
according to their pelt condition, satisfactory and run.
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Direct counts of nematodes were made by scraping off the bacterial slime 
from a known area of skin, suspending in dilute iodine solution and observing 
a  measured volume, 0.05-0.1 ml., under a low-power microscope. There was 
a  considerable variation in number from skin to skin in the same batch, but a 
visual assessment by direct observation under the microscope o f the bacterial 
slime from six skins selected at random proved quite adequate to give a picture 
o f the general degree of infestation.
TABLE VI.
I n f l u e n c e  o f  C l e a n s in g  o f  S o a k  P it  a n d  S w e a t i n g  C h a m b e r  
o n  N e m a t o d e  I n f e c t i o n  a n d  C o u r s e  o f  S w e a t i n g .
Skins sweated for 7 days at 56-63°F.
Skins too Run pelts
Expt. Total N o . tight for from pull- Nem atode
N o. Treatment o f  skins pulling, % able skins, % contamination
1 Control .............................. 379 27 39 Heavy
Soak pit c lea n ed ................. 406 34 51 Moderately heavy
Soak pit and sweating
chamber cleaned 430 39 66 Slight
2 Control ... ................. 360 3 1-4 Heavy
Sweating chamber cleaned 328 14 , 5-3 Moderately heavy
The results of two experiments are detailed in Table VI. These show
th at sweating was much more even the higher the nematode infection on the 
skins ; there were fewer skins too tight for pulling and at the same time fewer 
run pelts. I t may be argued that by cleaning the soak pit and sweating chamber, 
the extent of primary bacterial infection had been reduced, thus making sweat­
ing more difficult, but against this two arguments can be raised. Firstly, it 
presupposes that the soak pit is the source of bacteria to initiate sweating, or 
direct contact with the supports in the sweating chambers. A far more likely 
source of infection is by airborne bacteria in the sweating chamber. Secondly, 
it  cannot explain why appreciably more pelts have “ run ” from the cleaned 
pits and chambers than the controls. The following hypotheses are put 
forward to account for the observed results. In the first place the extreme 
mobility of the nematodes on the surface of the skin leads to an even distribu­
tion of bacteria over the whole flesh surface. This will reduce the number of 
skins which do not sweat at the normal rate. Secondly, towards the end of 
sweating where extremely large numbers are present (over 3,000 per sq. in.) 
they effectively keep the numbers of bacteria down by devouring them and so 
delay the onset of general bacterial attack on the pelt substance.
Further evidence, of a microscopical nature, is presented in Part I I10 to 
show that nematodes themselves do not attack pelt substances.
Summary and Conclusions.
1. The Lennox depilation load method for measuring looseness of wool 
on sheepskins has shown quantitively a big difference in the extent to which 
sheepskins have to be sweated for pulling to be carried out over the beam and
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on the knee. A much looser wool is required for knee pulling, which accounts 
for the greater difficulty in sweating the skins. There is liable to be a much 
higher proportion of tight skins and of run pelts.
2. A bacterium responsible for wool loosening has been isolated and 
characterised as a hitherto undescribed species of the genus Pseudomonas. Its 
inoculation on to sheepskins markedly reduced the time required for complete 
wool loosening by reducing the initial lag period.
3. The bacteria which digest the wool root during sweating penetrate 
to the wool root from the flesh surface and not down the wool follicle.
4. During sweating, large amounts of carbon dioxide and smaller amounts 
of volatile acids and ammonia are produced by bacterial action on the skin 
proteins. In the water in the skin tissues these products are in equilibrium with 
each other and stabilise the skin pH  at about 8.3. This pH  is somewhat above 
the optimum for growth of the unhairing bacteria, but it is not possible to 
disturb the equilibrium under normal conditions and so lower the pH. 
Ammonia introduced prior to or during sweating retards wool loosening unless 
added in large quantities towards the end of sweating when it completes wool 
loosening by chemical means.
5. Nematodes on the flesh surface of sweating skins have been found to 
be beneficial, probably by helping to distribute bacteria over the skin, and 
later on by keeping down the bacterial population. The source of infestation 
has been traced to the soak pits and supports in the sweating chambers.
The author is indebted to the Director and Council o f the British Leather 
Manufacturers’ Research Association for permission to publish this paper.
British Leather Manufacturers' Research Association,
M ilton Park,
Egham, Surrey.
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STUDIES IN  FELLM ONGERIN G—II. FU R TH ER  OBSERVATIONS 
ON THE SWEATING PROCESS : TH E INFLUENCE OF CURING AND 
SOAKING CONDITIONS, AND OF TEM PERATU RE OF SWEATING
By G. H. Green 
Summary
The influence o f temperature on the rate of sweating and 
. solubilisation of skin protein has been studied. The time required 
for com plete w oo l loosening is reduced considerably over the 
range 10-20°c, but rather less over the range 20-35°c. The propor- 
' tion o f the skin nitrogen rendered soluble is of the order of 
25-35% and is independent o f temperature. This am ount is less 
than the estimated non-collagenous nitrogen based on hydroxy- 
proline determination, indicating that under normal conditions no 
appreciable attack on the collagen necessarily occurs. This is 
supported by hydroxyproline determinations over the course of 
sweating.
Curing and soaking conditions influence the rate o f sweating 
considerably. Drying retards sweating, either because com plete  
soaking back cannot be achieved or because coagulated inter- 
fibrillary protein is less available to the bacteria. Soaking in 10% 
brine is disadvantageous, due to removal o f globular proteins.
M ore dilute solutions m ay be helpful since bacterial growth is 
stimulated. The sweating time is reduced by one-third when 1%
. salt is present. It is preferable not to re-soak dry-salted skins 
after breaking-over, as the salt content after the first soak is 
optim al under usual works conditions.
The warm water digestion of sheep skin pieces for w ool 
recovery is also accelerated by salt, but not sufficiently to warrant 
its deliberate addition.
Introduction
. I t  is well known that the rate of sweating increases with temperature, and 
fellmongers utilise this knowledge to vary the period required to achieve wool 
loosening according to output. This may be controlled by such factors as 
demand for wool, or bottlenecks at other stages. Similarly, a controlled 
temperature is advantageous in order to regulate the number of skins becoming 
ready for pulling on any one day. Apart from the consideration of output, a 
long sweat at a low temperature is preferred to a short one at an elevated 
temperature. This may be solely because more control can be exercised in the 
final stages of a cold sweat, for if sweating is uneven from skin to skin there 
if less liability of damage by oversweating. On the other hand, Eitner1 suggests 
that the advantage of a cold sweat is that anaerobic bacteria are strongly 
inhibited at 15°c or below, it being the anaerobic bacteria which are respon­
sible for the breakdown of collagen. If anaerobic growth becomes appreciable 
above 15°c, this should be accompanied by progressive loss of substance as 
the temperature is raised. In order to investigate this point, sheep skin has 
been sweated at a range of temperatures and the loss of skin protein measured.
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Whilst it is advantageous to sweat as slowly as possible, economic con­
siderations usually demand an elevated temperature, at least during the later 
stages. There are, however, other methods than heat which may be used to 
accelerate sweating. One is by inoculating the skins with actively growing 
unhairing bacteria2, but under normal fellmongery conditions adequate inocu­
lation is usually obtained from air-borne bacteria or bacteria washed into the 
soak pits, derived from previously sweated skins. Another method, based on 
that used in bacteriological work, is by control of the medium by suitable 
selection of food, growth factors, mineral salts, and pH. Unsuccessful attempts 
to control pH have previously been reported2. Raw skin provides an adequate 
source of the essential elements, carbon, nitrogen, phosphorus, etc., but whether 
growth factors are optimal for the particular species concerned in dewoolling 
is not known. It is likely that selective growth over years has permitted the 
growth of species particularly suited to this medium. The addition of growth 
factors such as the vitamin B group would not be expected to enhance growth 
and by encouraging growth of less desirable competitive species might even 
be detrimental.
The possible removal of readily available food material and growth 
factors in the soaking, and also in the curing, if the skins have been salted, 
must be considered. Since the bacteria responsible for wool loosening are 
required to multiply within the skin without attacking the collagen, some 
source of readily available protein must be present; this is the interfibrillary 
protein. Part is soluble in water (albumins) and part only in dilute salt solu­
tion (globulins). A  salted or brine-soaked skin will be poorer in non-collagen- 
ous protein and may conceivably sweat more slowly than a similar skin not 
treated with salt.
On the other hand, a soaked skin is comparatively poor in soluble salts, 
and the incorporation of salt in the soak may be advantageous in adjusting 
the osmotic pressure to values favourable to optimum bacterial growth. It is 
normal practice to include 0-5-1 *0% sodium chloride in bacteriological media 
for this purpose. Salted skins may contain a variable amount of residual salt 
depending on how efficiently they have been soaked.
One of the purposes of the present investigation was to ascertain the effect 
of removing salt-soluble protein and of incorporating salt. The influence of 
drying was also studied since this may retard sweating either by preventing 
complete soaking back which would restrict bacterial penetration through the 
skin, or by coagulating interfibrillary protein and rendering it less available to 
the bacteria.
I. EXPERIM EN TA L
( i)  I n f l u e n c e  o f  T e m p e r a t u r e  o n  R ate  o f  S w e a t in g  a n d  S o l u b il is a t io n
o f  S k i n  N it r o g e n
Pieces of dried, New Zealand cross-bred sheep skin 6  in. x 3 in., cut from 
the central area (avoiding the backbone), were used. After soaking two days 
in two changes of tap water at 15-20°c, stretching and fleshing if necessary, a 
piece 3  in. square was cut from each for determinations of wool loosening by
168
depilation load measurement2. The remainder was clipped as closely as 
possible and divided into equal sized pieces approx. 1 in. x \  in. All pieces 
were inoculated by dipping into a diluted broth culture of unhairing bacteria 
and sweated, the large piece over water and the small pieces over 50 ml, n / 2  
sulphuric acid to absorb volatile nitrogenous material. Small pieces were 
removed at intervals for determination of soluble material, defined as3:
C.W. sol.: that extracted by repeated expression and rehydration with 
cold water.
H.W. sol.: that extracted by immersion of the residue in water at 100°c 
for 5 min, followed by 70°c for 25 min. (This was determined 
only in one experiment at the higher temperatures.)
Nitrogen (Kjeldahl) was determined in the sulphuric acid solutions and cold 
water extracts. The total nitrogen in the residue was also determined, a- 
correction being made for residual wool by a separate determination on 
samples of the wool pulled at an advanced stage of sweating (this amounted - 
to about 12% of the pelt nitrogen). All results are expressed as percentage 
of total original skin nitrogen. Sweating was terminated when the depilation 
load had fallen to TO or below.
The main results are summarised in Table I. There is a rapid increase in 
the rate of sweating over the temperature range 1 0 -2 0 °c, and a relatively slow 
one from 20-35°c. The course of sweating can be roughly divided into two 
stages, an incubation period followed by one of rapid loosening. Both these 
observations were made previously by Lennox and Maxwell4. The total loss of 
skin nitrogen is much the same whatever the temperature of sweating, amount­
ing to some 25% and 35% in the two experiments. This loss appears abnorm­
ally high, but a determination of the collagen content of the wool-free, soaked 
pelt (second experiment) based on hydroxyproline5 showed only 57% of the 
nitrogen to be present as collagen. The remaining 43% presumably consists 
of interfibrillary protein, cellular material, and elastin, so that attack on the 
collagen is probably not involved in sweating. Similar results were obtained 
with proteolytic enzyme unhairing3. Rapid digestion of collagen occurs only 
under anaerobic conditions, such as when pelts lie in contact, or in the old 
pieing process: it is recognisable by the development of run pelts leading to 
holes, and in pied skins by the odour associated with the growth of anaerobic 
proteolytic bacteria. Run observed on over-sweated skins can be attributed 
to the production of anaerobic conditions in the interior of the pelt; the high 
uptake of oxygen by the bacteria near the surface exceeds the rate of diffusion 
into the interior. There is no evidence, as suggested by Eitner1, that under 
normal conditions anaerobic attack on the collagen becomes serious above 
15°c.
Further evidence against attack on the collagen was provided by hydroxy­
proline determinations on weighed skin pieces sweated to a depilation load of 
0-5. There was no signficant change in hydroxyproline content over the whole 
course of sweating. .
The nitrogen soluble above the shrinkage temperature (H.W. sol.)
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amounted to 4% prior to sweating; it rose rapidly to 8-9% on sweating, and 
remained constant throughout the sweating period. By holding the pelt at 
70°c throughout the 30 min heating, the H.W. sol. nitrogen was raised to 12%. 
These results confirm those obtained earlier with enzymic dewoolling3, which 
indicate that solubilisation above the shrinkage temperature of the pelt is due 
to proteases derived from the sweating bacteria, adsorbed on the collagen and 
degrading it as it is denatured.
( i i)  I n f l u e n c e  o f  C u r in g  a n d  S o a k in g  C o n d it io n s  o n  R a te  o f  S w e a t in g .
A strip 20 in. x 4 in. was cut from a freshly flayed sheep skin, parallel to, 
and 2 in. from, the backbone. To eliminate possible variations of bacterial 
growth during soaking due to dirt, blood, etc., the skin piece was scoured in 
two baths of 0-1% sulphated fatty alcohol in tap water at 35 °c, then thoroughly 
rinsed. 4 in. x 2 in. pieces of the scoured skin were treated in one of the 
following ways: —
A i  Soaked overnight in tap water at 0-4° C
B i Nailed out flesh outermost, and dried at 25 °c in a gentle current of air, 
followed by—
ii Soaked 32 h  in tap water at 19°c, stretched, and soaked a further 16 h in 
fresh water at 0-4 °c 
C i Dried as B i
ii Soaked in 10% brine for 2 days at 19°c, stretched, and resoaked in the 
same liquor for 24 h at 0-4°c
iii Soaked 1 day in running water
D i Soaked in 10% brine for 3 days at 10-15°c, followed by 1 day in running 
water
ii Soaked 1 day in tap water at 0-4°c 
E  i As D i
ii Soaked 1 day in 0*214% brine at 0-4°c 
F  i As D i
ii Soaked 1 day in 0*465% brine at 0-4°c 
G i As D i
ii Soaked 1 day in 1*0% brine at 0-4°c 
H  i As D i
ii Soaked 1 day in 2*14% brine at 0-4°c 
I i Salted for 7 days at 10-15 °c 
ii Soaked 1 day in running water 
J  i As I i
ii As B i
iii Soaked 30 h in 11 times its dry weight of distilled water at 19°c, 
stretched, and soaked 18 h in running water.
Each piece was then inoculated with a diluted broth culture of unhairing 
bacterium and sweated at 19°c over water until the depilation load had fallen 
below 1*0. The results are recorded in Table II.
170
In
f
l
u
e
n
c
e
 
of
 
T
e
m
p
e
r
a
t
u
r
e
 
on
 
R
at
e 
of
 
S
w
e
a
t
in
g
 
an
d
 
L
o
ss
 
of
 
S
ki
n 
N
it
r
o
g
e
n
l ^ o i
T
e
m
p
e
r
a
tu
r
e
, 
°
C
o
c n
0
-5
1
1
2
7
-5
2
9
-5
i n  
m  *
i 6
2
1
-5
2
3
%  ‘ s a i q n p s
* 0  T *
O  O  O s  » n
u p
i—* n  n  n o
%  ‘ K O T O A 0 1 8
1
4
-5
0 i 6
-5
1
6
-5
‘T C I
C S  c p  
r -  r ln  o  
<N
C S U p 
r . h - i n n
m  t-H
I ^ J o x
VO
C S
i n  u r
O O N ^ J -
r n ( N ( N
. 
30
 
. 
1
t~< ON T f  
^  m
%  ‘ s s i q n i o s
u p  i n  i n
©  ©  o o  NO i 4
1
5
-5
1
5
-5
%  ‘ S 3 I I I B I O A
i n
©  ©  r-*
’O  V~> 
O O n  c b
' T O
T?* * 0  
c o  O n  ©  
m
o o  v o
© • < t ~
I B I O X
C S
u p
t- h  0 0  0 0  CS  
^  C S
25
 
!
1 2
-5
1
4
2
7
3
0
-5
%  ‘ s a i q n j o s
U p
t- h  o o  o >  i n
U p  u p  u p  
t- h  C S  NO t ON
%  ‘ S 3 I I J P I O A
<N  "
O O f N h
in ^
o o r -  O H
i a
r f  U p 
i n ^ H O  
CS
c s  r -  n o
C S  O  ON d o  O  
T f  Tf* ^
T O L
o o
u p
O V O f ^ O v ^ t  
' I—' <N
2
0
u p  n  u p  
t-h  0 0  ON NO O  
T"H C S ^3"
%  ‘ s q q n p s
i n  n  
O  o  ( N  n  r -
i n  i n  u p  
t-h  n o  c s  c s  O
%  ‘ s s h j b i o a
u p
©  ©  ^ h  c n  r -
u p  u p
o  c s  r -  o n  
H  C S
T O
o o  c s  o o  
i n ^ h ^ o  
i n  c n
t - h  o n  i n  o o  
H  o n  c s  t - h  ©  
m
I B I O X
T t
t- h
^  ^  < s
i n
i 9
-5
2
7
-5
3
5
3
6
-5
%  ‘ S 3 [ q n j o s t-h  . ^  0 0  —
^ h  ^ h  ^  C S
1 9
-5
2
5
-5
2
8
-5
2
4
-5
%  ‘ s q i ^ l O A O  O O - H t S 0 0 2 6
-5
1
2
T a
T - . o o  ©
C S  ON C S  t1< ©
< n 3
0
2
3
1
8 1
-7
0
-4
I B J O X
O
1
-5
1
9
-5
2
1
2
4
2
5
-5
O
0
-5
8
-5
2
5
3
3
-5
3
5
-5
3
5
-5
%  ‘ s a i q n p s 1
-5
1
9
*
5
2
1
2
3
-5
2
4
-5
0
-5
8
-5
2
5
3
1
 
3
0
-5
 
29
 
.
%  ‘ w h i b i o a
U p
o  o  o  o  i- h 0 0 0 2
-5
5 6
-5
• x a
v p  o o  
ON - t-h  i n  C S  ©
C S  y-<
r ~
o s  r -  v o  v b  f n  4 i  4 - i  o
CO <N  r - t
S / ? B p ‘S U I J R S M S  
J O  U O I J R j n Q
O ^ M f ^ ' t i n v o r ^ O ^ C S M ' t ' ^ v O r ^ M C N O  — M
• O M - J d x g - ( N
The dried skins, with salt (J) or without (B), had a slightly tighter wool 
after soaking back than the untreated (A), which may have been due to incom­
plete soaking back, though the feel of J did not indicate this. On the other 
hand, soaking in salt solution (D-H) or wet-salting (I) had a wool-loosening 
effect.. The dried skin soaked in 10% brine (C) presents an anomaly: it was, 
however stretched after brine soaking, whereas B was stretched after a water 
soak.
The stimulatory effect of limited amounts of salt or sweating can be seen 
in skins D-H, the optimum concentration from graphical interpolation of. the 
results being about 1-0%. These skins were initially soaked in 10% brine to
T a b l e  II.
I n f l u e n c e  o f  C u r in g  a n d  S o a k in g  C o n d i t io n s  o n  t h e  R a t e  o f  S w e a t i n g  
V a r ia t i o n  o f  D e p il a t io n  L o a d  w i t h  D u r a t io n  o f  S w e a t i n g
Fresh sheep skin
Treatment*
sweating, days A B G D E F G H I J
0 24 31 12 20 17 18-5 18-5 20 16 28
1 18 15-5 12 20 13 18 17 19 16 15
2 3-6 13 10 15 6-0 3-9 2-3 14 12 12
3 1-5 7-1 5-3 5-2 1-5 0-6 0-5 4-3 12 6-4
4 0-4 1-4 2 0 0-7 0-6 1 0 4-7 3-0
5 0-8 1-2 2-6 1-9
6 0-6 1 0 0-8
Days to reach
D.L. =  1 0 3-4 4-2 5-3 3-9 3-3 2-8 2-4 4-0 6 0 - 5-8
* See text.
remove salt-soluble interfibrillary protein which might otherwise have been 
extracted in varying amounts by the more dilute salt solutions and so have 
introduced an unknown variable. The removal of interfibrillary protein 
depresses the rate of sweating (cf A with D and I), presumably by reducing the 
amount of readily available bacterial food.
The dry-salted skin (J) sweated more slowly than the dried skin (B), and 
both were slower than the untreated (A). Drying may cause sticking of the 
fibres which is not completely reversed by soaking, and coagulation of protein 
which becomes less available to the bacteria. Dry-salted Cape sheep skins 
sweat faster under fellmongery conditions than dried Australian, New Zealand, 
and South American skins. This may be due to their being a thinner skin, 
though the better stretching and opening up which can be obtained in the 
laboratory as compared with the works could also account for the dried skin 
sweating faster than the dry-salted one in the laboratory.. Drying the wet- 
salted skin (cf I and J) did not influence sweating, probably because inter­
fibrillary protein was not insolubilised nor the collagen fibres appreciably 
cemented together.
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The beneficial effect of salt on sweating was confirmed with D /S  Cape 
sheep skins, soaked 24 h in running water to remove all salt, stretched, and 
then resoaked in a large float of various salt solutions. The rate of sweating 
again showed an optimum with 1-0% salt, whilst above 1-5% was detrimental
T a b l e  III.
I n f l u e n c e  o f  S o d iu m  C h l o r id e  o n  t h e  R a t e  o f  S w e a t i n g .
V a r ia t i o n  o f  D e p il a t i o n  L o a d  w i t h  D u r a t io n  o f  S w e a t i n g .
Dry-salted sheep skin freed from salt and re-soaked
Period o f  
sweating, days
Salt concentration in second soak liquor, ° // o
0 0-5 1 0 1-5 2 0
0 29 29 29 29 29
1 28 27 23 26 28
2 3-9 3-9 0-9 7-8 14
3 1-8 0-95 0-7 2-1
4-1 11
5 0-7
Days to reach
D.L. =  1 0 2-8 2-9 2-0 2-8 4-4
(Table III). I t seemed possible that sufficient salt would be left behind in a 
dry-salted skin given only one soak, to exert a stimulating effect. The value 
of a second soak after breaking-over is in any case not certain in view of the 
ease with which these skins rehydrate. Figures are recorded in Table IV  for 
the salt concentration (as determined by the A.L.C.A. provisional method6) of 
the first and second soak liquors from pieces of D /S  Cape sheep skin cut from 
5 different areas, using 11 times their dry weight of distilled water. These show 
an average of 1 -2 % and 0 -1 % for the two liquors, respectively. The shorter 
soaking has proved beneficial in also reducing by one day the time required for 
sweating. The absolute gain in sweating time will be dependent on the tempera­
ture but appears to be of the order of 33%.
T a b l e  IV
I n f l u e n c e  o f  S o a k i n g  C o n d i t io n s  o n  R e s i d u a l  S a l t  C o n t e n t  a n d  
R a t e  o f  S w e a t i n g  o f  D r y - s a l t e d  C a p e  S h e e p  S k i n .
Skin
Residual salt concn., % Depilation load after Days to 
reach 
D.L. =  1-01st soak 2nd soak 0 day 1 day 2 days 3 days
A 1 0 17 9-4 0-7 1-8
0 1 18 12-7 4-4 0-9 2-9
B 1-2 15 8-5 1-6 0-5 2-25
0 1 17 10-5 5-2 1-7 ca. 3-4
C 1-1 0 1
D 1-7 0 1
E 1-1 0-1
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Small amounts of sodium chloride have been shown to have a stimulatory 
effect on warm water digestion for the recovery of wool from skin pieces7. The 
addition was to provide trace elements rather than adjust the osmotic pressure. 
Substantially larger amounts of the order of 0-5-1% added to both the pre- 
’ shrinkage bath and to the digestion bath had a further beneficial effect, particu­
larly when distilled water was used and trace elements were lacking. With tap 
water, however, the improvement was only small (optimum 0-5% salt) and 
would not justify the deliberate addition of salt.
The author is indebted to the Director and Council of the British Leather 
Manufacturers’ Research Association for permission to publish this paper.
British Leather M anufacturers’ Research Association,
M ilton  Park,
Egham, Surrey.
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THE RECOVERY OF WOOL FROM SHEEPSKIN PIECES
By G. H . GREEN
T h e  r e c o v e r y  o f w o o l fro m  s h e e p sk in  p ie c e s  b y  d ig e s t io n  in  w a rm  w a te r  a n d  w ith  b a c ter ia l and  
m o u ld  p r o te a s e s  a n d  p a p a in  h a s  b e e n  in v e s t ig a te d  o n  a  la b o r a to r y  sca le . T h e  in f lu e n c e  o f  co n d it io n s  
o f p r e -sh r in k a g e  o f  th e  s k in  in  h o t  w a te r , te m p e r a tu r e  o f  d ig e s tio n , p H , p rese n c e  o f b u ffers  an d  o th er  
s a lts , a n d  o th e r  fa c to r s  h a v e  b e e n  s tu d ied . T h e  w o o ls  r e c o v e r ed  fro m  th e  d ig e s te d  sk in  p ie ce s  h a v e  
b e e n  e x a m in e d  t o  a s ce r ta in  th e  e x t e n t  o f  w o o l d a m a g e , if  a n y . T h e  o p t im u m  c o n d it io n s  h a v e , b ee n  
fo u n d  fo r  e a c h  m e th o d  a n d  th e  a d v a n ta g e s  a n d  d is a d v a n ta g e s  o f  th e  d if fe re n t m e th o d s  com p ared .
T h e  p o s s ib le  u se  o f  th e  v a r io u s  m e th o d s  o n  a  la r g e  sca le  is  d isc u ssed .
f
Introduction
The present world shortage makes the recovery of all wool from sheepskin pieces essential, 
and its high price means th a t any damage done to the wool during recovery will result in a pro­
portionately large decrease in its value. Methods used should ensure complete recovery with a 
minimum of damage to the wool. The process now in use in this country, is known as ' pieing \  
Usually, the pieces (if dried they are first soaked back) are laid about two deep on a stone or 
concrete floor, flesh side downwards to prevent drying out. The surrounding air is kept warm 
and damp and the pieces are occasionally sprayed with water until the wool has become loosened 
by bacterial action. This is in effect a modified sweating process, the difference being th a t there 
is no control over putrefactive bacteria and the pelt is severely attacked. > The wool is removed 
by hand pulling and the pelt pieces, which, are of little value, go for glue manufacture. The 
advantages of this method are th a t it does not damage the wool, no chemicals are required, and 
the wool can be sorted into different grades during pulling. Its disadvantages are the large area 
of floor space required, the tediousness, and relatively high cost of the labour required for pulling 
the wool. The loss of the pelt cannot be considered a disadvantage as the pieces are invariably 
too small to be worth while converting into leather.
A cheaper, if less -efficacious method is known as ' pieing1 right out \  There, the pieces,
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soaked back if necessary, are placed in a heap some 3 ft. high and left until the pelt has completely 
liquefied. To hasten and obtain more even- putrefaction, the pile is occasionally watered and 
turned over with a pitchfork. The pelt is decomposed by anaerobic bacteria with the abundant 
production of foul-smelling protein degradation products. In  addition, the wool suffers more 
or less severe bacterial attack and may be discoloured anything from pale-brown to black. The 
quality of the recovered wool is so low th a t any preliminary sorting before pieing is not worth 
while.
A marked improvement in the quality of the wool and reefuction of the odour is achieved by 
digesting the pelt in warm water. Again, the action is bacterial, but the bulk of the water 
prevents local overheating and “minimises the risk of wool damage. Such a method, referred to 
as ‘ warm water digestion ’, is becoming popular in Australia.
Another method which is still used to a small extent is to boil the skin pieces in dilute acid, 
when the pelt is completely dissolved. As boiling acid attacks wool, this method cannot be 
advocated even for wools of the lowest quality.
The disadvantages of the warm water digestion method are th a t it takes nearly a week and a 
putrefactive odour is still produced. In  recent years it has been realised th a t proteolytic 
enzymes greatly increase the rate of digestion, and the smell, if not completely eliminated, is 
greatly decreased. Such methods are reviewed below. . ,
In  1944, Conquest and Keil1 patented a process for the recovery of hair, fat, and protein 
from hide material. They used plant qmoteases such as papain, bromelin, or ficin, a t 1 5 0 ° f  
for 4-8 h.: the hide was preferably pretreated with acid at pH  2-5. According to the authors, 
this treatm ent does not completely digest the hide, and further treatm ent by heating to 170- 
2 1 2 ° f  for up to 1 h., or bacterial digestion a t 1 0 4 ° f  for about 24 h. is necessary. I t  is note­
worthy th a t the enzyme digestion is carried out above the shrinkage temperature of the hide. 
In  the same year an Australian paten t2 described the use of a protease from Aspergillus flavus- 
oryzae and of papain for digesting sheepskin. The former requires one or more days at 35-45° 
and pH 7. Preshrinkage of the collagen in hot water (65-75° for f -2  h.) is necessary, but not if 
papain is used a t 65° or above. ' .
In  1945, Mulqueen3 patented a process for the recovery of fur, hair, and wool from skin 
pieces by treatm ent with 0* 1-1*0% pepsin a t pH  1-3, followed by boiling in the same solution 
for a short time to complete the disintegration. In  the same year, Lennox4 (cf. ref.2) described 
the digestion of preshrunk sheepskin pieces with a number of enzymes, pepsin, trypsin, papain, 
and a mould enzyme from Aspergillus flavus^oryzae. Trypsin was found to dissolve skin tissue 
rapidly, but its use for wool recovery was precluded owing to its severe action on wool, parti- 
. cularly a t its most active pH of about 8, Papain and pepsin a t an acid pH were less active, and 
damage to the wool was less but not insignificant. The mould protease was found to be the most 
effective a t 1 0 4 ° f , and did not require pH  .control. Details of the use of this enzyme on a plant 
scale have been published.5 Using a strong extract of mould bran, the digestion may be com­
pleted within one day, though it is more economical to use a weaker solution and extend the 
period to three days.
Since the conclusion of the work described in this paper, the use of the protease of Bacillus 
subtilis for recovering wool from sheepskin pieces has been patented.5a Thermal shrinkage of 
the skin is necessary prior to enzyme digestion.
The object of the present investigation was to examine the warm-water digestion method 
critically and to evaluate the improvements gained by the use of enzymes. Since the completion 
of the present work, a detailed study of the warm water digestion method has been published by 
Pressley.6 Four .enzyme preparations were examined, two mould proteases, a bacterial protease 
and a plant protease (papain). The optimum conditions for digestion of skin pieces by each 
method has been worked out on a laboratory scale. The general procedure was to carry out the 
digestion a t constant temperature. The differences to be anticipated when working on a larger 
scale are discussed later.
. The efficiency of a digestion method is measured by seyeral factors ; the rapidity and com­
pleteness of the digestion, the absence of smell and. damage to the wool. Extent of digestion 
was most conveniently measured by a method similar to th a t of Lennox4 using a marking system 
based on visual observation. A method for evaluating wool damage presented a more difficult 
problem. A review of existing methods7 showed th a t very few applicable to the measurement of
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bacterial and enzyme damage were both rapid and sensitive. The indigo-carmine dye method8 
used by Lennox4 was found to be insensitive to small amounts of damage. The estimation of 
thiol and disulphide ..sulphur by a modification9 of Shinohara’s m ethod10 was tried on a few 
samples of recovered wool, but had little to commend itself for present purposes. Although a 
few measurements were made of indigo-carmine uptake and sulphur content, the methods 
finally chosen were three simply evaluated physical observations, namely colour, handle, and 
microscopical appearance when mounted in aqueous methylene blue. 11
. . .  . ' I
Experimental .
Materials and methods
Skin pieces.—In fellmongers’ yards the pieces consist of shanks, etc., and a fair proportion of 
ears, all usually much dirtier than the main part of the skin. In order, however, to avoid com­
plicating factors and to make all experiments strictly comparable, the experimental pieces 2 in. 
square were cut from the central area of the whole sun-dried New Zealand cross-bred skins. 
The wool length was 1|- in. and the average weight per piece was 7-5 g. (pelt 2-5 g. wool 5 g.). 
Where wool damage was to be estimated, to limit variations in wool quality, the skin squares 
were cut from the area 2 in. on either side of the backbone and not closer than 2 in. from the butt 
and neck.
In the experiment involving digestion of tails, fresh tails were used.
Preshrinkage of the pieces.—Unless otherwise stated, the dry pieces were pre-shrunk by 
immersing them in water a t the desired temperature and maintained at that temperature for the 
required time, with occasional stirring. No account was taken of liquor : skin ratio, the volume 
of water being sufficient to cover the pieces adequately and to allow stirring. Normally, a 
relatively hard tap  water, but in some experiments a water of known composition, was used. 
After preshrinkage, the pieces were rinsed and excess water squeezed out by hand.
Enzymes.— The following enzyme preparations were employed :—
A. Mould bran from Aspergillus flavus-oryzae as used by Jenkins and Maxwell.5
B. Mould proteinase. A commercial product similar to A.
C. Gelatase 20 X. A commercial product consisting of a proteolytic enzyme from Bacillus 
subtilis spray dried with sodium sulphate, supplied by Norman Evans & Rais, Ltd.
D. Papain. A commercial sample of white East African powder.
Preparation of enzyme solutions ’ .
The enzyme was sprinkled on to the surface of distilled water, well stirred, and kept for 2 h. 
a t room temperature with occasional stirring. To ensure that the solution was homogeneous
the enzyme solution was filtered (Whatman No. 1 or 4 paper) and dilutions and additions of
buffer and salts were made as required..... .On a large scale, filtration of the Gelatase 20 X and 
papain solutions would not be necessary.
Determination of gelatinase activity • .
The method used was essentially Lennox’s modification12 of the gelatin viscosity method of 
Koch13 et at. The viscometer consisted of two 175-ml. conical flasks held neck-to-neck by two 
rubber bungs holding the viscometer tube, internal diameter 1 -84 mm., length 13 cm., and return 
tube, internal diameter 5 mm., length 13 cm. The time of flow for water (75 ml.) was 33 sec., 
and for 6-7%  gelatin solution a t pH 7 was 90-95 sec., both a t 40°. The viscometer was cali­
brated with glycerol solutions a t 30°.14 The gelatin solution (50ml.) alkali and water (5ml.) 
and enzyme solution (20 ml.) were pipetted directly into the viscometer flask and the whole 75 ml. 
used for the viscosity determination. Liquors from skin digestion were first filtered (Whatman 
No. 41 paper). Enzyme solutions were buffered a t the pH of the extract (6-8  for the mould 
enzymes, 7*7 for Gelatase 20 X). ,
For the viscosity determinations it was found desirable to use freshly boiled water for making 
up the stock gelatin solution. Distilled water is usually not sterile, and growth of bacteria may
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give rise to appreciable proteolytic activity which causes a marked reduction in the keeping 
quality of the stock solution even at near freezing point. In  spite of this precaution a slow fall 
in the viscosity of the stock solution was observed and fresh solutions had to  be prepared every 
2-4 weeks.. The use of unboiled water often resulted in a slow but steady fall in the viscosity 
of the gelatin-water blank determination.
A calibration curve was constructed for each enzyme relating enzyme concentration with 
viscosity in c.poises after 10-min. incubation a t 40°, and results on digest liquors recorded as 
apparent enzyme concentration. This method of expression renders immediately obvious the 
extent of any loss (or gain) in gelatinase activity in the digest liquor and is to be preferred to 
Lennox’s method of expressing activity as 1 —(viscosity with enzyme/viscosity without enzyme), 
since the relation between absolute viscosity and enzyme concentration is far from linear. 
Maxwell15 in a recent paper uses a similar method. The viscosity after 10-min. incubation is 
far more sensitive to small changes in low than in high enzyme concentrations. Consequently, 
all enzyme solutions were diluted before measurement to bring the observed viscosity on the 
more sensitive region of the calibration curve.
Digestion of skin pieces
Digestions were carried out in 200 ml. of water or enzyme solution in 250-ml. wide-necked 
bottles kept in an incubator a t constant temperature. The contents of the bottles were not 
agitated, except incidentally, more than once daily, when the residue was removed to estimate 
the degree of digestion. Where air was bubbled through the digest, a sintered glass bubbler was 
used and the incubator temperature raised 2 ° to counteract the cooling effect.
E xten t o f digestion  w a s  reco rd ed  a s 'fo llo w s :—
— N o  v is ib le  a t ta c k . - '
+  A t ta c k  o n  co r iu m  b e g u n .
-f- -j- C oriu m  a lm o s t  d is s o lv e d , s k in  in  o n e  p ie c e  b u t  r e a d ily  to r n .
+  +  +  C oriu m  d is so lv ed , g ra in  d is in te g r a te d  a n d  p a r t ia l ly  d is s o lv e d .
+  +  +  +  T ra c e s  o f g r a in  l e f t  o n  t h e  w o o l ro o ts . .
+  +  +  +  +  S k in  c o m p le te ly  d is so lv ed .
O dour is  r a th e r  m o r e  d if f ic u lt  t o  e x p r e s s  q u a n t i t a t iv e ly  a n d  so  s y m b o ls  w ere  l im ite d  to  th e  fo llo w in g :—
— N o  p u tr e fa c t iv e  o d ou r.
+  Slight putrefactive odour.
-\- +  S tr o n g  p u tr e fa c t iv e  od ou r.
Colour o f  th e  w o o l w a s  e x p r e s s e d  as fo llo w s:—
— N o  d isc o lo r a tio n .
-j- S lig h t  b r o w n in g  or b la c k e n in g . '
-f  -j- Moderate blackening.
+  +  +  ■ C o n sid era b le  b la c k e n in g .
+  +  - ( - +  A lm o s t  b la c k . ■
Scouring of the wool - , •
The wool was rinsed with warm water to remove digest liquor, scoured in 1% Teepol at 
55-60° for 10 min., and well rinsed with warm water. The bulk of the water was expressed by 
hand and between sheets of blotting paper, the wool dried in a current of warm air and brought 
into equilibrium with the atmosphere a t constant humidity. The moisture content was 
determined (drying a t 105° overnight) and analytical results expressed on a dry basis.
Estimation of wool damage
(a) Visual observation. Colour, as above. Handle included a rough measure of tensile 
strength, loss of cortical cells on rubbing, and smoothness of fibre to the touch.
(b) Microscopical examination. A bundle of fibres mounted in aqueous methylene blue 
(1 /5th. saturated) was examined immediately under low magnification (x  125). Undamaged 
fibres remain unstained, incipient damage where the epicuticle is just beginning to separate is 
indicated by small blue patches between scales, further damage produces an even dyeing of the 
whole fibre although the scales are still present, finally the scales disappear with the loss of the 
cuticle proper and the cortex disintegrates .into the familiar spindle-shaped cortical cells. 16 
All these stages may be observed at the same time, and a single fibre may show different degrees
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of damage along its length. This is npt due to any local bacterial action during skin digestion 
but because the original wool is damaged by light and bacteria while on the sheep. Whilst wool 
taken straight from the sheep will show a small proportion of damaged fibres, the wools used in 
the present work gave no evidence of disintegration into cortical cells, although loss of scales was 
often apparent. Any wool which is damaged and has lost i ts  epicuticle is extremely susceptible 
to further bacterial and enzyme attack during the digestion, and a small proportion of fibres or 
parts of fibres showing loss of cortical cells is usually detected. Such damage must be allowed 
for by a comparison of a sample of untreated, scoured wool with the sample under test. Even so, 
there is a marked difference in the degree of attack on such damaged fibres under various 
conditions of skin digestion.
(c) Indigo-carmine dye test.—The W.I.R.A. method8 was used. The end-point of the dye 
titration with permanganate is difficult and it was found more convenient to determine the 
residual dye colorimetrically, after 10-fold dilution, on the Spekker photoelectric absorptiometer 
(1 cm. cell) filter 606). The relationship between dye concentration and extinction coefficient 
is not quite linear and a calibration curve must be prepared and redetermined for each sample of 
commercial indigo-carmine, the purity of which is very variable.
(d) Estimation of thiol and disulphide sulphur.—After acid hydrolysis of the wool, cysteine 
was determined colorimetrically with Folin-Denis phosphotungstic acid; and cystine similarly 
after reduction with sodium bisulphite.9’ 10
Results
Warm water digestion
Conditions of preshrinkage.—Unless the skin was preshrunk by heat denaturation of the 
protein, bacterial attack was extremely slow. A skin piece digested in tap water at 37° showed 
1 -f- digestion after 3 days and appeared the same after 8 days, although odour reached 2 +  after 
only 1 day. The pH fell slowly from 7 • 6 to 6 • 3. Maintenance of the pH below 6 • 0 in phosphate 
buffer completely inhibited obvious bacterial attack, although the odour 2 +  was reached after 
6 days. Preshrinkage of the skin at 65° for 10 min. greatly accelerated digestion, reaching 3-j- 
after 5 days, but thereafter proceeded no further (total time, 9 days). Readjustment of the pH 
daily to 5 • 4 limited the digestion to 1 +  in the same time. The strong putrefactive odour always 
produced indicated anaerobic bacterial attack, but where no obvious digestion occurred the 
attack m ust have been confined, in the main at least, to soluble protein. I t  is well known that 
native collagen resists breakdown by bacteria and. enzymes. Of the commoner proteolytic 
enzymes, papain-is the only one which readily attacks collagen,17’ 18 whilst bacterial attack is 
confined to those bacteria producing collagenase. These latter are confined chiefly to the 
Clostridia or strictly anaerobic spore-forming rods, in particular Cl. histolyticum, 18> 19’ 20 although 
some Bacilli slowly attack collagen under aerobic conditions.20
By raising the temperature of preshrinkage to 70° and increasing the time to 30 min., 
complete digestion was achieved in 5 days, the odour becoming 2 +  after 2 days. Changing the 
water daily slightly delayed the onset of digestion and increased the time to 6 days, with con­
siderable reduction in the odour. No advantage was gained by raising the preshrinkage tempera­
ture still fu rth e r; in fact, higher temperatures delayed the onset of digestion. This is probably 
because fewer vegetative bacteria survive a t the higher temperatures. Also, Jenkins & Maxwell5 
have pointed out th a t the higher the temperature and-the longer the time of preshrinkage, the 
greater is the possibility of discolouring the wool. No difference in the rate of digestion was 
observed when the skin pieces were placed in cold water and heated to 70° over the course of 30 
min., and then maintained there for 30 min. This result conflicts with the observation of Jenkins 
& Maxwell5 who reported that slower shrinkage resulted in a slower rate of digestion, although 
it might be anticipated th a t an additional period at an elevated temperature during the heating 
up may further reduce the number of vegetative bacteria. In all subsequent experiments the 
preshrinkage conditions used were 70° for 30 min. ,
Soaking back before preshrinkage.—Similar results to the above were obtained when the dried 
skin pieces were soaked back prior to shrinkage and digestion. On the other hand, over-dried 
and hard and horny pieces taken from the edge of the sheepskin, unless soaked back, digested 
somewhat slowly. After soaking 24 h. in water the wool was quite loose. According to
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Pressley,6 sweated skins after preshrinking digest more rapidly than unsweated skins. The wool 
loosening which occurred during soaking back was thus equivalent to a partial sweating action. 
Jenkins & Maxwell5 s ta te  that preliminary soaking back is desirable, otherwise it may be more 
difficult to; shrink the collagen; also if much blood' and dirt is', present, the preliminary washing 
helps to preserve the colour of the wool during preshrinkage. The advantage of using dried 
pieces directly is that they do not introduce cold water into the hot shrinkage bath.
Temperature of digestion.—Lowering the digestion temperature to 30° prolonged the period 
required to 8 days (9' if the water was changed daily),' whilst raising i t  to: 41-45° prolonged it to 
7 days and a t 50° the digestion reached only 3-p after 7 days and the wool had blackened to 
2 +  ; 37° appears to be about the optimum temperature. These results are in agreement with 
those of Pressley6 who gives 35-400 as the- optimum.
Variation of pH .—During the digestion the pH tends to fall to 6 • 0-6 • 4 from an initial figure 
of about 7 • 5. Since the1 putrefactive bacteria have their growth optimum at pH 7-8, the daily 
adjustm ent of the pH to 8 might be expected to facilitate digestion. At 30 0 this improvement was 
noted, the time being reduced from 8> to 6 days, b u t a t  370 it  had no effect.
Influence of electrolytes.-^The electrolytes in the water" used for the digestion influence the 
rate of digestion profoundly. In investigating this effect, the skin pieces were preshrunk in 
water of the same composition as used for" digestion. I t  will be observed (Table I): that 
some electrolyte is essential for a reasonably rapid digestion. In  the absence of sufficient electro­
lyte the initial stages of the digestion are inhibited; once the digestion gets under way it continues 
a t the same rate as it would under optimum conditions. The probable explanation is th a t the 
bacteria capable of breaking down collagen require an adequate supply of mineral salts for 
growth. In  the absence of these salts, growth is very slow until sufficient skin substance is 
broken down to liberate the constituent mineral salts of the. skin,, when the growth rapidly 
accelerates. The chief requirements were found to be sodium,, phosphate, and chloride : sulphate 
was less effective than chloride. ,
Table I
Influence o f  electrolytes on the ra te  o f bacterial d igestion  o f sheepskin  
1 Skin preshrunk in water at 70° for 30 min.
Temperature of digestion, 37°.
E x p t ..
N o .
C o m p o s it io n  o f  s o lu t io n  (%. e x c e p t  G )* T im e  
■ rccjiiirccL fo r
C o lou r  o f  
w o o l b e fo re  
s c o u r in g !A B C D ' E . ; F . G f co m p le te -
1 D is t i l le d  w a te r
d ig e s t io n ,
d a y s
11
2 0-1 — — — — — — > 1 3 ’ —
3 — 0 - 0 5 >10 —
4 —  . — — — —  . — 0 -0 1 m 8-1 0 - —
5 0 - 0 5 O-OIm 4„ 4 , 6 ■ —
6 — 0 -0 5 —  . _ — 0 -0 1 m 6 -—
7 0-01 0 -0 5 - — — — 0 • 0 1 m 6 —
8 0-01 0 -0 5 - — 0 - 0 4 — — - 0 -0 1 m 6' —
9 0-01 0 - 0 5 0-02 —  ' — — 0 -0 1 m 4 . —
. 10 0-01 . 0 - 0 5 0-02 0 - 0 4 — -— O-OIm 6 —
11 0-01 0 - 0 5 — — O'-0 0 2 — 0 -0 1 m 7 —
12 0-01 0 - 0 5 — — — 0-002 0-0 I'M 5 . +  +
13 0 -0 5 — — — — 0-002 0-01M 5 +  +
14 0 -0-1 ’ 0 -0 5 0-02 0 - 0 4 — 0-002 0 -01M 5 T  +  +
15 . T a p  w a te r
6  ' 
5
+  +  +  +
* A sodium chloride; B ammonium sulphate; C calcium chloride; D magnesium sulphate; E zinc chloride;
F  ferric chloride; G- phosphate buffer, pH  7 (0 -01! M =  0-04%  E H 2PO^ +  0- 1% N a2H P 0 4). 
f  The use of both phosphates as sodium salts had no influence on the course of the digestion  
j  For key see p. 299 (
All those digests which contained ammonium sulphate gave at the end of the digestion a> 
positive test for sulphide with lead acetate solution; the remainder gave a negative test. The 
production of sulphide is doubtless due to the growth of strictly anaerobic bacteria of the genus 
Desulphovibrio. I t  should not be assumed (compare6) th a t the odour of hydrogen sulphide in a 
digest indicates degradation of the wool, as tap  water may contain an appreciable amount of
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sulphate. In  the presence of iron salts in addition to sulphate, the wool and liquor became dis­
coloured by ferrous sulphide. Much of the ferrous sulphide was removed on scouring and the 
remainder on oxidation in air. Also in the presence of sulphate a green growth was occasionally 
observed in the liquid and on the wool, probably pigmented bacteria of the family Chlorobacteri- 
aceae which are capable of oxidising sulphide and will grow in the dark in the presence of a little 
air. The green coloration was not removed from the wool by rinsing with hot water but was 
readily removed on scouring. [Note: By changing the water daily all these effects were avoided. ] 
Zinc has a powerful inhibitory effect on bacterial growth. The presence of lumps of 
‘ technical ’ granulated zinc a t the bottom of the digestion bottle increased the time required 
for digestion from 5 to 8-11 days. Magnesium at a concentration of 40 p.p.m. slightly retarded 
the digestion.
Crewther & Pressley20a in a similar investigation, published after the completion of the 
present work, found that, of all the metal ion additions they made to the digest liquor, only 
calcium and to a lesser extent strontium increased the digestion rate. However, they used 
untreated tap  water containing 2-5 p.p.m. of calcium both for the pre-shrinkage and for the 
digestion. The use of hard tap  Water greatly accelerates the  rate of digestion as compared with 
distilled Water (Table I).
The presence of too much salt can be as detrimental as its complete absence. The present 
investigation has been carried out with dried skin pieces. In dealing with salted pieces, Capes for 
example, it is; essential to reduce the amount of sodium chloride to- a mere trace, otherwise 
digestion is slowed up noticeably.2013 This agrees with the observed inhibition of complete 
digestion by Gelatase in the presence of excess salt (see below). •
Addition of pure cultures of proteolytic bacteria.—The addition at the beginning of the 
digestion of pure cultures of six strains of gelatin-l'iquefying bacteria isolated from sweated sheep­
skins failed to accelerate the digestion appreciably at 37°. At 30° half the strains gave a slight 
improvement but not sufficient to be worth while. None' of these bacteria secreted significant 
amounts of proteinase into the culture medium. A similar result was obtained by Pressley8 
who' used a mixed culture from a sweated sheepskin. Pressley found, however, that the addition 
of bacteria from an active digest did produce a more rapid digestion.
Crewther & Pressley20a found no improvement With a variety of proteolytic species unless 
the medium was aerated, when addition of cultures of Aerobacillus polymyxa or a Pseudomonas sp. 
gave slightly more rapid digestion. Under anaerobic conditions several Clostridium spp. gave 
enhanced digestion.
Damage to- the ano/.—The appearance and handle of all samples of wool after scouring was 
normal, with the exception of those which had suffered some degree of blackening, either by 
digesting the skin at an elevated temperature (above 40°) or by prolonged digestion at a lower 
temperature, but such blackening was not due to the presence of iron salts. Mounted in 
methylene blue-and examined under the microscope, wool treated at 30° and 37° Under normal 
conditions showed no damage, although seven days a t 37° in unchanged water was liable to 
cause damage. This was Confirmed by the indigo-carmine dye test. Samples treated at 37° 
or below did not differ in dye uptake from an untreated sample (1-5%), whereas at 41-45° 
the dye uptake Was 8-9% . A sample treated for 5 days a t 37° gave figures for thiol and 
disulphide content not significantly different from the untreated (Table II).
. Digestion of sheep’s tails.—The applicability of the warm-water digestion method to the 
recovery of WOol from sheep’s tails was tested on tails preshrunk as above. Owing to their very 
high fat content, an appreciable amount of fat remained after complete digestion of the flesh 
and skin. When the digestion was carried out in hard water, much of the fat was converted to 
calcium soap, which is undesirable in the scouring bowl. Another difficulty encountered with 
some fails was due to undigested cartilage. Some cartilage remained attached to the bones and 
was easily removed by hand, but other pieces adhered to the wool and were not removed- com­
pletely even with repeated scouring.
. Digestion with mould and bacterial proteases
As the results with the enzymes A, B, and C were essentially similar, they are reported 
together. All the pieces were preshrunk at 70° for 30 min. before digestion.
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Table II
T hio l and d isu lph ide su lp h u i contents o f wool recovered by various methods o f sk in  digestion
. Enzym e Concn.,
%
Temp, of 
digestion,
■ °c
Time of 
digestion, 
i days
Thiol sulphur, % 
Untreated Treated
Disulphide 
sulphur, %
Untreated Treated
None — 37 5 0-005 0-01 2-6 , 2 -8 2-9
Mould bran 0-1 37 4 ____ .___ _ 3-2 '2 - 6
0 -2 37 4 0-04 0-06 3 -2 2-7
Mould proteinase 0 -5 30 6 0-005 0-03 2-6 , 2 -8 2-8
Gelatase 0-5 30 4 0-05 0-04 3-2 3-2
0-1 37 3 — — 3-2 2-8
Papain* 0-1 50 - , 2 0-04 0-07 3-0 3-1
0-1 50 2 0-10 0-10 2-8 2-8
0-1 50 4 0-10 0-10 2 -8 2 -6
* ,  pH  varied between 6 -4 -6 - 8, 0-1m sodium chloride present
Concentration of enzyme.—The rate of digestion increased with enzyme concentration up to a 
limit and thereafter remained constant. The time required for complete digestion with 2-0% 
was exactly the same as with a 0-1% Gelatase solution (3 days at 37°); mould bran required 4 
days a t both concentrations. Results with mould proteinase were erratic. Its  gelatinase 
activity was relatively weak and the time required was about the same as required for warm 
water digestion. -
Liquor ratio.—By reducing the liquor ratio to 13 : 1, i.e., half th a t generally used, the rate 
of digestion could be significantly increased, the time being reduced to 2 and 3 days for Gelatase 
and mould bran respectively. I t  was necessary, however, to double the minimum enzyme con­
centration, otherwise the rate may even be retarded due, to the relative increased adsorption of 
the enzyme on the wool at lower liquor ratios.
p H  of the liquor.—The initial pH values of the enzyme solutions were 6 • 8 for the mould and 
7-7 for the bacterial enzymes. As with warm water digestion, these values fall during the 
digestion to an average value of 6-4 (limits 5 -7 -6-8). Adjustment of the pH to 8-0 at the com­
mencement, and then daily during the digestion, accelerated the mould bran digestion from 4 to 
3 days, but did not influence the Gelatase digestion. The drop in pH  during 24 h. was usually 
not more than half a unit. .
Agitation during digestion.—Continuous agitation by rotating the digestion bottle with a 
small head space a t 1-2 r.p. sec. failed to increase the rate of digestion and only resulted in 
felting the wool.
Aeration during digestion.-—Digestion with Gelatase a t 40° was not accelerated by continuous 
aeration; with mould bran at higher concentrations (1%) the time required was reduced from 3 
to 2 days a t a liquor ratio of 13 : 1. The odour was rather more pronounced than without aeration, 
particularly with the mould bran. Aeration prevented the fall in pH  which normally occurred 
during digestion and even raised it to 8 • 6 with mould bran digests.
Influence of temperature and re-use of the enzyme liquor.— The possibility of re-using the same 
enzyme solution for more than one digestion was investigated. After each skin piece had digested, 
the pH  of the liquor was restored to the original value and the gelatinase activity determined. 
Two enzyme concentrations and three temperatures were used. I t  is apparent from the results 
given (see Table III) th a t two factors must be operating; firstly, a fall in gelatinase activity due to 
inactivation of the enzyme and/or adsorption on the wool, and secondly, a rise in activity due to 
production of enzyme by the bacteria present. At 30° the balance was in favour of increased 
gelatinase activity and a t 45° there was invariably a fall; at 37° the result was variable. W ith 
one exception, the upward or downward trend was continued on digestion in the same liquor of 
the second skin piece. Another im portant observation was that the time required for complete 
digestion was quite unrelated to the gelatinase activity of the liquor, and quite rapid rates of 
digestion were obtained with liquors of low gelatinase activity. This must be due to the growth
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of species of bacteria, which, whilst being strongly proteolytic, do not secrete appreciable amounts 
of proteinase into the medium. The remarkable increases in gelatinase activity on the other hand 
must be due to the growth of species capable of secreting large amounts of proteinase. Those 
bacteria normally present during warm-water digestion are of the former type as the gelatinase 
activity produced amounted to the equivalent of 0 *02% Gelatase both at 30° and 37°, and this 
figure remained steady over a period of 3-9 days. Pressley6 could detect no proteolytic activity 
whatsoever in warm water digests. As the Gelatase contains spores of Bacillus subtilis these 
would be expected to germinate during the digestion and produce additional enzyme during 
growth.
Table III
Influence o f tem perature and enzym e concentration on rate o f digestion  o f sheepskin  and effect o f time on the 
apparen t residu al enzym e concentration as m easured by gelatinase activ ity
Skin preshrunk in water at 70° for 30 min.
Enzym e Concn. Temperature Time Apparent % - of Damage0//o °c required to residual original caused to
digest enzyme to wool*
successive concn.
skin pieces, %
days
Mould bran 0-1 30 7 0-196 196 Nil
37 I 4 0-215 215 Nil13 0-380 380 Colour+
45 I 4 0-042 42 Very slight
14 0-034 34 Very slight;
Colour+
0-5 30 8 _ _ Nil
37 T 4 0-725 145 Nil
1 3 0-97 194 Colour+
45 f  4 0-22 44 Nil
\ 4 0-255 51 Slight;
Colour -f-
Mould proteinase 0-5 30 6 0-88 176 Nil
37 5 0-33 66 Slight
45 S  4 0-33 66 Colour -j-
\ 3 0-26 52 Colour-j-
2 -0 30 6 1-92 96 Nil
37 7 1-76 88 Nil
45 7 1-24 62 Colour+
Gelatase 0-1 30 6 0-168 168 Nil
37 S  3 0-096 96 Very slightI 3 0-024 24 Very slight;
Colour+
40 3 — — —
45 4 0-011 11 Colour +  +
. 0-5 30 / 4 0-39 78 Nil
1 3 0-88 176 Nil
37 f  3 0-36 . 72 Nil
1 2 0*13 26 Slight;
Colour+
' 45 4 0-065 13 Slight;
Colour-)- -
1-0 40 3 — — —
* Dam age estim ated by microscopical exam ination mounted in aqueous m ethylene blue. Colour 
estim ated visually (p. 299) -
Towards the end df the digestion, the first skin piece produced only a slight putrefactive 
odour. The odour produced during digestion of the second piece was somewhat stronger, but 
only with the mould enzymes did it occasionally become very strong. W ith the Gelatase diges­
tions of second pieces an odour of hydrogen sulphide was frequently detected. As the Gelatase 
is spray-dried with sodium sulphate, the formation of sulphide can be explained by the growth 
of IJesulphovibrio (see above).
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Bacterial growth during the digestion.—The work described in the previous paragraph makes 
it clear th a t bacteria are taking some part in the digestion. The addition of 2% sodium chloride 
as recommended by Jenkins & Maxwell5 to reduce the putrefactive odour by suppressing bacterial 
growth had no effect whatsoever .on mould bran digestion. Possibly when the digestion is 
prolonged, as when the liquor is re-used, the use of sodium chloride would be advantageous. 
W ith Gelatase, the odour was somewhat suppressed at the expense of considerably prolonging 
the digestion time. Neither mould bran nor Gelatase (mould proteinase was not tested) 
completely digested skin in the presence of toluene. In  both cases the rate of digestion was much 
the same as in the absence of toluene until the 3 +  state was reached when no further digestion 
occurred. Pressley6 found that 0*2% sodium ethyl mercurithiosalicylate or 0-5%  sodium 
fluoride would completely inhibit digestion.
Digestion with papain
The digestions were carried out with skin pieces preshrunk at 70° for 30 min. in tap  water. 
Unless otherwise stated, the papain was dissolved in distilled water.
Influence of temperature.—The influence of tem perature on digestion by an unbuffered 
0*1% solution of papain containing 0- lM-sodium chloride is given in Table IV. The optimum 
tem perature was found to lie over the range 50-60°. The optimum tem perature for the
Table IV
Influence o f tem perature on the d iges­
tion  o f sheepskin  by p a p a in
Papain concentration, 0 • 1 %
Sodium chloride, 0 -1 m 
N o pH  control
Skin preshrunk in water at 70° for 
30 min.
Temp. Time required for
°c com plete digestion  
days
45 3
50 1-2
55 3
60 4
action of papain recorded in the literature is variable. W illstatter & Grassmann21 give a figure 
of 65-75°, Asheshov22 gives a figure of 60-70°, whilst Difco papain is reported to have its 
optimum at 52°.23
Digestions carried out a t 50° and above were completely odourless. At 45°, bacterial growth 
occurred a t neutral pH values with the consequent production of a putrefactive odour. This 
was inhibited by 0 • OlM-sodium cyanide, but its addition is undesirable (see below). A tempera­
ture of 50° is not sufficiently high completely to suppress bacterial growth a t neutral pH values 
although no putrefactive odour was normally detected up to 3 days. When, however, the 
digestion was unduly prolonged, or when further skin pieces were digested in the same liquor, 
offensive smells eventually developed. The odour differed somewhat from, and was rather 
more objectionable than, the putrefactive odour encountered a t temperatures around 37°, the 
higher tem perature favouring the growth of a different bacterial flora.
Influence of pH .—The influence of pH  is complicated by the fact th a t both the nature of 
the buffer and the presence of activators may influence the rate of digestion. The results 
reported in Table V show clearly th a t the rate of digestion increases steadily over the pH 
range 3 to 8 both in the presence and absence of cyanide as activator, and a t temperatures 
ranging from 40° to 60°. Lennox4 also found th a t most rapid digestion occurs at about pH  8 .
As with warm-water digestion and digestion with other enzymes, two distinct stages could 
be observed, firstly, a rapid dissolution of the corium followed by a usually much slower attack
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on the grain layer. No differences were observed on the rate of digestion of the corium over the 
range pH 5-8; at pH 4 the rate decreased a little and a t pH 3 was considerably slower. Attack 
on the grain was markedly influenced by pH. I t  was most rapid at pH 8 , slightly slower at pH 7, 
and thereafter decreased rapidly to pH 3 where it was extremely slow. The rates were unaffected 
by increasing' the temperature of preshrinkage or by soaking back the pieces prior to shrinkage. 
As the chief constituent of the corium is collagen, whilst the grain contains in addition a large 
proportion of elastin (no reliable figures are available for the exact proportion), it would appear 
th a t the difference in rate of attack on corium and grain is. linked with a difference in the sus­
ceptibility of collagen and elastin to attack by papain. This was confirmed by a histological 
examination of a portion of undigested material obtained with papain at 60° and pH 3.* The 
full thickness of the grain layer was observed. Collagen was present only in traces, whilst the 
fibroblasts, wool roots, and probably also the basal layers of the epidermis were broken down.
* The material was hardened in 10% formalin for 5 days and mounted in paraffin wax prior to sectioning. 
Sections were stained w ith van Giessen’s, W eigert’s, orcein and hsem atoxylin-phloxin stains.
. Table V
Influence o f p H  ancl buffer sa lts on rate o f digestion  o f sheepskin  by p a p a in  in  absence and
presence o f activator
T emperature, 
°c
40
50
50
60
50
• OlM-sodium cyanide.
' ^
Slcin preshrunk in water at 70° for 30 min.
Concn.
°//o
pH  . Buffer or sa lts Activator Time 
required for 
digestion, 
days
0-2 3 0- lN-acetate Present 5
4 4
5 ■ 4
6 0 • lM-phosphate 3
• 7 2
8 2
0-2 3 0 -lN -acetate > 7
4 „ - 3
5 2
6 0 - lM-phosphate 2
7 2
8 1
5 0 • 05M-phthalate 1
5 Citrate-phosphate 1
5 0 • In  boric acid 2
0-1 3 Citrate-phosphate Absent > 7
4 5-7
5 2
5 0 -lN -acetate 2
6 ' Citrate-phosphate 2
7 2
7 0 • lM-phosphate 1
8 Citrate-phosphate * 1
0-1 3 > 4
4 > 4
5 4
6 3
7 1
8 ” 1
0-1 6 - 3 -
6- 8
0 • lM-sodium chloride ' 2
0-05 6 - 4 - 2
6-8
The elastin, sebaceous glands, erector p ili muscles, and wool appeared little, if a t all, broken down.
Elastin is known to be more refractory than collagen to chemical attack .24 Recent work by 
Balo & Banga25 has shown th a t enzymes which break down collagen break down elastin only
J. appl. Chem., 5, July, 1955
307 G RE EN — WOOL F RO M  S H E E P S K I N  P IE C E S
slowly, if a t all, and th a t in pancreatic extract a specific enzyme, elastase, and not trypsin, is 
responsible for the rapid dissolution of elastin. ■
The concept th a t the pH optimum of papain coincides with the iso-electric point of the 
substrate as proposed by W illstatter & Grassmann21- 26 has long been prevalent, but more recent 
work, reviewed-by Hwang & Ivy ,27 shows th a t this is not universally true. According to Bowes & 
Kenten ,28 the iso-electric point of elastin (treated with water a t 120° during isolation) is about 6 , 
which is definitely lower than th a t observed for the optimum pH for the action of papain on 
elastin in the present work. I t  cannot, however, be Stated with certainty th a t this provides 
further evidence against W illstatter & Grassmann’s proposal, since the influence of heating to 
120° on the iso-electric point of elastin is unknown.
Another possible complicating factor was adsorption of the papain on the wool. Middlebrook 
& Phillips29' showed th a t the amount of papain adsorbed by wool was a function- of pH, being 
greatest at pH 6 • 8 , and above which it falls off rapidly. Thus there might be a higher effective 
papain concentration a t pH 8 than at pH 7. However, identical rates of digestion were recorded 
when the wool was shaved off before digestion of the skin.
The nature of the buffer did not appear to have much influence, except possibly boric acid, 
which had an inhibiting influence on the digestion. Bergmann et a/.30 when studying the hair- 
loosening effect of papain on calfskin a t 30° in the presence of toluene found th a t the nature of 
the buffer had a profound influence. Both acetate and borate powerfully inhibited unhairing, 
but phosphate, citrate-phosphate,. sulphite-bisulphite, and citrate were all effective and the rate 
increased in th a t order. The activation was attributed to the ability of the anions to form com­
plexes w ith heavy metals which would otherwise inhibit the papain .31
Influence of activators.— Consideration of Table IV shows th a t cyanide has no significant 
influence on the rate of digestion a t 50° over the pH  range 3-8. This agrees with the findings 
of Gottschall32 who digested meat with papain. He found th a t the products of digestion 
were themselves activators, and th a t a sample of papain inactive by the usual tests (e.g., after 
oxidation with hydrogen peroxide) was very active in the digestion of meat. Purr33 similarly 
found th a t the fixed SH-groups of washed muscle protein were capable of activating papain. 
The influence of other papain activators such as. bisulphite and sulphide was not tested but 
likewise no advantage would be expected. The effect of the activator on the action of papain 
on wool is discussed below. '
Apart from the reducing type of activator, electrolytes have a separate activating influence 
superimposed on th a t given by a reducing agent. Murray34 discusses this effect which is believed 
to  be due to a combination of the salt with the enzyme a t some point other than the prosthetic 
and ionisable groups, resulting in an alteration of the pK  of the ionisable group, so that the 
activity of the fraction of the enzyme remaining in the non-ionised (active) form becomes a 
different function of pH. He found th a t acetate and phthalate influenced the pH -activity 
curve differently. This, then, provides an alternative explanation to th a t proposed by Bergmann 
et al.30 for the different influence of different buffers. I t  seems, however, th a t both explanations 
are valid, the two effects being superimposed. This salt effect is very im portant in the digestion 
of skin by papain. In the absence of both electrolyte and reducing activator, digestion was 
very much slower. Here the addition of 0 • OlM-eyanide resulted in the same maximum rate of 
digestion being attained as with addition of O'- lM-sodium chloride, although it is probable that 
the cyanide was acting by virtue of its salt effect. Sodium sulphate (0- 1 m ) was not as effective 
as the same concentration of sodium chloride.
In experiments without buffer a t 50°, the initial (unadjusted) pH  of the papain solution was 
5 • 3, rising to about 6 • 5 during the digestion. This value of 6 • 5, which is reached because of the 
protein degradation products, was also attained using a papain solution pre-adjusted to pH 7 
with alkali. .. :
Inactivation by heavy metals.—Papain is very sensitive to heavy metal ions31 including 
copper, silver,, gold, zinc, cadmium, and mercury. The inhibition is a function of pH and is 
greater a t lower pH  values.34 When tap  water, known to contain calcium and a trace of iron 
' and probably copper, was used in place of distilled water, a severe inhibition was observed in 
0 - lM-sodium chloride at pH  5, whereas a t  pH 6 -8-there was no inhibition. The addition of 
up to 0 -01% ethylenediaminetetra-acetic acid at pH 5 was ineffective in sequestering the 
inhibiting metals. . . . ■ . ,
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Aeration during digestion.—The continuous aeration of a digest at 50° containing 0*1% 
papain and 0 -lM-sodium chloride, pH pre-adjusted to 7 with alkali, had no influence on the 
rate of digestion. However, at the end of the digestion (2 days), whereas the pH of a control 
had fallen to 6-3, th a t of the aerated sample had risen to 7-4. The significance of this is 
not known for certain, hu t the similar result obtained with Gelatase and mould bran suggests 
th a t bacterial action is responsible.
Action on the wool.—Wool is relatively resistant to papain, and various workers35- 36 have 
shown th a t the splitting of the cystine disulphide linkages by chemical or mechanical means 
is probably a necessary condition for attack. Thus papain in the presence of reducing agents 
readily attacks wool over a very wide pH  range, the optimum being at pH  9-10.35- 37 This 
damage was observed in the present work in the presence of cyanide at pH values above 5, 
becoming progressively more severe with rising: pH. The results are given in detail in 
Table VI. In the absence of cyanide, however, digestion for two days at pH  7 or for one day
Table VI
D am age caused to wool by cyan ide-activated  p a p a in  a t various p H  values
Papain concn., 0 -2 % ; sodium cyanide, 0 •0 1 m
>H Temp., °c Time of W ool damage as indicated by
digestion;
days: '* Indigo-carmine Microscopical
test: exam ination
dye uptake, in m ethylene
0/ * 
/o blue
3 40 5 — Nil
4 40 4 — Nil
5 40 4 3 Slight
6 40 3 3 Considerable
7 40? 2 6 Considerable
8  ' 40- 2 23 W ool
disintegrating
4 50 3 — Nil
5 50 2 :-- ■ Nil
5 -5 50 1 — Slight
6 50 3 ---' Considerable;, localised
6 50 2 -- Considerable
7 50 2 --- Considerable
8 50 1 -- Considerable
* Untreated wool' gave zero dye uptake
at pH  8 with 0 • 1 % papain failed to damage the wool as indicated by visual and dye tests 
or by thiol' and disulphide sulphur estimation (Table II); At 55°,, however, 0-1% papain 
began to  have a noticeable effect a t the higher pH values. Even at 60° no damage- was 
observed at pH 6 over 3  days, b u t at pH 7 for 1 day and to a greater extent a t pH 8 for the 
same time, there was localised disintegration of a few fibres and incipient coloration with 
methylene blue of otherwise sound fibres.
The bacterial growth occurring at 50° on prolonged incubation at about neutrality,, besides 
causing an unpleasant smell, may also result in serious wool damage. As successive skin pieces 
were digested in the same liquor, the odour became more pronounced, the recovered wool became 
darker and suffered progressively more damage. In  addition, the rate of digestion of the skin 
pieces fell off due to a reduction in the papain concentration by adsorption on the wool and 
possibly also by bacterial destruction.
D iscussion
Selection o f a suitable method
When selecting a method to recover wool from skin pieces, there are a number of factors to 
be taken into consideration. These will differ from works to works and no hard and fast rules 
can be laid down ; all th a t can be done here is to point out the advantages and disadvantages of 
each method.
The primary consideration must be one of economics. The pertinent factors are- cost of 
labour, fuel, plant, enzymes, and other chemicals on the one hand, and the price obtainable for
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the recovered wool on the other. Obviously the less wool is damaged and contaminated with 
undigested skin, the higher is the value, but the increased processing costs may not make it pay 
to produce such a good quality wool. . .
Another factor is th a t of odour. When works are situated in Close proximity to residential 
areas, offensive odours must be avoided, and even in areas not so restricted it is desirable to 
minimise odours as far as possible both from regard to the operatives and to the reputation of the 
fellmongering industry in general. I t  must also be borne in mind th a t what is considered only a 
slight odour on a laboratory scale may not be so considered when the process is converted to the 
1,000-gallon or larger batch in the factory.
Preshrinkage;—W ith both the warm-water and enzymic digestion methods a prime con­
sideration is an adequate supply of steam for preshrinking the pieces and for heating the digestion 
liquor. Other forms of heating could of course be used but none is as cheap. .
The same vessel may be used for preshrinkage and for digestion, the preshrinkage liquor 
being run off and the pieces rinsed with water. The vessel is then filled with warm water or 
enzyme solution. If separate vessels are used it is economical in labour to have the skin pieces 
in a cage which can be lifted out of the shrinkage vessel into the digestion vessel.5 According to 
Winton38 it is undesirable to allow the pieces to drain for any length of time before immersion in 
the digestion liquor, otherwise air is trapped in the wool causing the pieces to float on the surface. 
If it is necessary to leave the preshrunk pieces overnight or longer they should be covered with 
water. By carrying out the digestion with papain a t 65° a separate preshrinkage operation 
becomes unnecessary, x> 2> 4 but the present work indicates th a t such a temperature is not to be 
recommended as, unless the pH is controlled at about 5 • 5 or below, there will be substantial 
wool damage, and at such a low pH the time required for digestion is appreciably increased.
p H  control.—W ith none of the methods investigated is pH control essential, although in some 
cases it is beneficial.' Thus digestion in warm water a t 30° proceeds faster if the pH is adjusted 
daily to 8 , although at 37° there is no effect. Both the mould and bacterial enzymes operate 
most efficiently at the pH of the digest, and no advantage is to be gained by pH control. Papain, 
as mentioned above, may require some attention, and pH  control is essential above 55°, whilst 
below 55° the initial adjustment of the pH to 8 will accelerate the digestion. Adjustment of pH 
during a digestion will be difficult (see later) whilst the use of buffer must be ruled out on a 
works scale owing to cost.
Warm water digestion
The advantages of warm water digestion over enzymic methods are the saving of expensive 
enzyme and strict temperature control. The digestion is conveniently carried out in a concrete- 
lined pit with a metal grid forming a false bottom. The tem perature is raised to 40° by passing 
in steam. For most rapid digestion'the temperature should be maintained at 35-40°, although 
letting it fall below this will do no harm but merely prolong the digestion period. Whenever the 
odour becomes offensive the water should be changed. The ratio of liquor to pieces is not 
im portant provided the pieces are covered completely and reasonable circulation during steaming 
can be maintained. If the false bottom forms part of a cage, the recovered wool may be removed 
en masse by a suitable hoist. The wool should be removed as soon as digestion is complete, 
otherwise covered with fresh cold water to minimise any possibility of bacterial degradation which 
can occur even at low temperatures given sufficient time.
If a mineral-free water is used, e.g., a stream water, it may be desirable to add some salts 
to assist bacterial growth, s Digestion is stimulated by sodium chloride and by phosphates. If 
the rate of digestion is slower than anticipated, both sodium chloride and sodium phosphate 
should be added; it may be possible to eliminate one or the other later. Zinc in the water is 
undesirable, although the use of galvanised iron vessels will probably give no trouble owing to the 
relatively small ratio of surface area to volume. Iron salts are not deleterious but in the presence 
of sulphate will cause discoloration of the wool by the precipitation of ferrous sulphide formed by 
bacterial reduction of the sulphate to sulphide.
Enzymic digestion
The use of enzymes for digestion of skin pieces presents problems not met with in warm 
water digestion. The first consideration is the maintenance of a reasonably constant and uniform
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temperature in the digestion liquor. This calls for thermostatic control and a means of circulat­
ing the liquor. If steam heating is used, the steam should not be injected into the liquor but 
fed through heating coils to avoid increasing the volume of the liquor. For circulating the liquid, 
paddles cannot be used because the wool would felt. Three other possibilities have been 
suggested. Jenkins & Maxwell5, using mould bran, have suggested circulating the liquor by an 
external pump and a t the same time carrying out a continuous extraction of the bran. Heating 
may there be conveniently carried out electrically using an immersion heater in the external part 
of the circuit. A second alternative is to have a stirring blade underneath the false bottom of the 
vessel. I t  would be preferable to have the shaft of the stirrer passing through a gland in the 
bottom of the vessel, otherwise the wool will tend to wrap itself round the shaft. The third 
suggestion, by Horwood,39’ 5a is to bubble air through the digest liquor. He claimed that 
aeration of Gelatase digests accelerates the digestion, presumably by stimulating bacterial 
growth under strongly aerobic conditions. W ith all methods of agitation, care must be taken 
th a t the movement of liquid in contact with the heating coil or element is sufficient to prevent 
local overheating. The mould and bacterial enzymes should not be allowed to heat locally, 
above 45°, so th a t by working a t 40° there is an ample safety margin as there is also with papain 
which may be heated to 70° before appreciable destruction takes place.
The question of pH control has been dealt with above where it was shown that only with 
papain is any control worth while. The initial adjustment of the pH is a simple matter, but 
such adjustm ent is not advisable during the course of a digestion unless an external circulating 
system is used, otherwise it will be impossible to avoid local high concentration of acid or alkali 
with consequent destruction of the enzyme.
W ith regard to the re-use of enzyme solutions, some of the pros and cons have already been 
reviewed. By the use of the air injection for circulation, Horwood39 showed that the bacterial 
enzyme Gelatase could be used several times without damage to later batches of wool or appre­
ciable increase in smell, presumably because the aeration inhibits the growth of anaerobic bacteria 
which are the cause of both damage and odour. The external circulation method should also be 
effective, although probably less so, if the liquid is exposed to the air in a thin film during its 
passage through the external part of the circuit. Whereas the mould and bacterial enzymes 
maintain their strength by bacterial growth and secretion of proteases, the strength of a papain 
solution will decrease in strength from batch to batch, partly by adsorption on the wool and partly 
by autolysis. I t  would be possible to maintain the strength by fresh additions of papain with 
each batch of pieces. Since the rate of digestion reaches a maximum, for all practical purposes, 
with increasing papain concentration, it would appear better to work with the lowest concen­
tration giving complete digestion in a reasonable time (say 1 or 2 days), then renew the solution 
for the next batch rather than use a stronger solution repeatedly unless the reduction in papain 
concentration per batch is substantially less than the quantity required for a fresh solution of 
lower strength. There is a limit to the number of times a liquor could be re-used, set by exhaus­
tion of the papain (unless made up to strength each time) and accumulation of skin digestion 
products. A disadvantage of the repeated use of a digest liquor is th a t it must be used con­
tinuously: the liquor cannot be allowed to cool for any appreciable time otherewise extraneous 
bacteria will become established. By the use of a fresh liquor each time, batches may be treated 
at intervals when desired, and working over the week-end can be avoided. The most potent 
argument against re-use of papain solutions is th a t they become infected with bacteria unless 
antiseptics or high temperatures and/or low pH are used. Mould bran solutions have been used 
repeatedly by Jenkins & Maxwell5 and Gelatase solutions a t least three times by Horwood.39 
Both used much higher enzyme concentrations that were necessary, so th a t it would have been 
more economical in enzyme to  have used a weaker solution once only.
The most suitable vessels for carrying out the digestioh are either concrete-lined pits or 
metal tanks. Metal tanks are not suitable for use with papain unless made of, or lined with, 
aluminium or stainless steel.
The ratio of liquor to goods is not im portant provided there is sufficient liquid to cover the 
goods and allow adequate circulation. A ratio of about 13 : 1 based on dried pieces has been 
found to be a practical limit with medium length wools. As the enzymes are adsorbed by wool, 
a somewhat higher minimum enzyme concentration may be required for low than for high 
liquor ratios to counteract absorption by the wool.
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Digestion of cartilage and fa t
None of the present methods of wool recovery digests cartilage (chiefly ears) and tail bones. 
These must be removed by hand picking or, alternatively, as suggested by Jenkins & Maxwell5 
. by drying and passing the wool through rollers whereby they are crushed and readily removed in 
subsequent wool processing.
The bulk of the wool grease is removed from the wool during the digestion. Skin fat is 
broken down by bacterial or enzymic action, but where much fat is present it tends to adhere to 
the wool roots and is only removed on scouring.
The customary practice in Australia is to dry pied wool before scouring as it is then found to 
scour more easily. The reason for this is not known. No difficulty was encountered in the 
laboratory in scouring before drying, possibly because a much higher detergent concentration 
was used than would be employed on a large scale. •
Disposal of used liquors
Jenkins & Maxwell5 discussed the possible use of the digest liquor as a source of fertiliser, 
as a component of stock and poultry food, or even as a source of useful biochemicals. The papain 
digest should be rich in peptides which after hydrolysis could prove a source of amino-acids, 
but the growth of bacteria in the other digests would lead to a mu.ch more complicated mixture 
of products. Pressley6 found chiefly ammonia, glycine, and alanine in warm-water digest liquors. 
Its  use as a fertiliser by virtue of its nitrogen content seems promising if the cost of spray or 
roller drying (with a suitable filler) does not render it uneconomical. Also (except with papain), 
the odour produced during/the drying operation may prove a deterrent.
Scope for further work
In  the present work only a limited number of enzymes which appeared suitable and which, 
were available in sufficient quantity and a t a reasonable cost have been investigated. No doubt 
other and superior enzymes will become available in the future, though in the main, exactly the 
same considerations apply to their use. Work is in progress at the moment to find bacterial enzymes 
more powerful than Gelatase. These may be found in a different strain of Bacillus subtilis or in 
another species of proteolytic bacterium. In actual fact, the ability of a bacterium to secrete 
the protease does not seem to be essential, a spore-forming aerobic-organism capable of rapid 
degradation of denatured skin protein would suffice. Strictly anaerobic bacteria such as the 
Clostridia which might be used without first denaturing the collagen are ruled out owing, apart 
from other considerations, to the offensive smells they produce. Recent work in Australia15 
has been directed towards finding species of moulds capable of.producing more powerful pro­
teolytic enzymes. Papain, which has the advantage of giving an odourless digestion and is also 
much more powerful than the other enzymes investigated, is unfortunately a t the present time 
in very short supply and its relatively high price tends to make its use prohibitive.
Summary
1. Methods a t present in use for the recovery of wool from sheepskin pieces have been 
reviewed and discussed.
2. A comprehensive study has been made on a laboratory scale of digestions in warm 
water (bacterial) and with various proteolytic enzymes including papain and mould and bacterial 
enzymes. Criteria of effectiveness were completeness and speed of digestion, absence of odour and 
wool damage. -
3. The method most suitable for the assessment of wool damage was found to be micro­
scopical examination of the wool fibres mounted in aqueous methylene blue. Although purely 
a qualitative test, it has the advantage of simplicity, sensitivity, and speed. Other methods 
tested were the indigo-carmine dye test and an estimation of thiol and disulphide sulphur, but 
they were found to be relatively insensitive and much more time consuming.
4. The influence of conditions of preshrinkage of the skin in hot water has been studied. 
Unless preshrinkage of dried sheepskins is carried out satisfactorily, digestion is very slow and 
incomplete. Suitable preshrinkage conditions are immersion in hot water and maintenance of
J. appl. Chem., 5, July, 1955
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the tem perature at 70° or above for 30 min. Soaking back of dried pieces is unnecessary but may 
be advantageous with overdried, horny material.
5. The corium is much more readily digested than the grain, both by bacteria and enzymes, 
and under suitable conditions the grain can be recovered almost intact apart from the loss of 
connective tissue.
6 . Under optimum conditions, skin pieces can be completely digested in warm water in 
4 days a t 37°, the wool being undamaged. No pH control is necessary, but the presence of some 
mineral salts, preferably sodium chloride and also phosphate, is essential for rapid digestion. 
Zinc has a slight inhibitory effect in low concentrations: iron may result in a blackening of the 
wool due to ferrous sulphide but the discoloration is easily removed. Sulphate if present may be 
reduced by bacterial action to sulphide, which in its tu rn  can provide a substrate for green pig­
mented bacteria. The odour is strongly putrefactive but can be reduced considerably by 
frequently changing the water, which also avoids black or green discoloration of the wool.
7. Digestion with enzymes is more rapid and accompanied by much less production of 
odour, but fairly sirict temperature control is necessary.
8 . The mould and bacterial enzymes Studied do not require any addition of salts or pH 
control. They act best at 37-40°, and under proper control do not damage the wool. Their action 
is partly due to bacteria, and suppression of bacterial growth leads to incomplete digestion of the 
grain. Estimation of proteolytic activity by a gelatin liquefaction method showed that there 
was' no correlation between gelatinase activity in the digest liquor and rate of skin digestion.
9 . The optimum conditions for digestion with papain are a t pH 8 and about 50°. Under 
these conditions a 0*1% solution digested skin completely within 24 h. without wool damage. 
The corium is digested very rapidly over the range pH 5-8 but the grain is attacked rapidly only 
at pH 7-8; below pH 7 the grain is attacked more slowly and below pH 4 it is attacked extremely 
slowly. Temperature has little effect on the rate of digestion between 50-60° but a t 55° and 
above the wool may be damaged if the pH rises much above pH 5; wool damage is severe at pH 
7-8 and 60°.
At 50° and above, the digestion is normally odourless; below 50° bacterial action may pro­
duce a putrefactive odour. Bacteria will grow even at 50° if the digestion is prolonged or 
successive skin pieces are digested in the same solution. Activators other than possibly sodium 
chloride are unnecessary. Addition of cyanide does not alter the rate of digestion but damages 
the wool, particularly severely at high pH. Heavy metals act as inhibitors: the inhibitory effect 
of the metallic ions in a hard tap  water was considerable at pH 5, but negligible at pH 7-8.
10. Cartilage and bone are not digested by any of the methods tested, neither is fat com-, 
pleted digested if present in large quantity, particularly in tails. If the water used contains 
calcium, some of the fat is converted into calcium soap which adheres strongly to the wool.
11. The advantages and disadvantages of the various methods have been discussed with 
special attention to their application on a commercial scale. The enzymic methods are to be 
preferred to the warm water digestion on account of there being less or no odour and the digestion 
is more rapid, but they require a more expensive plant and expenditure on enzymes.
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ENZYME DEPUTATION
By G. H. Green
Since the discovery by R ohm  in lq io  that skins could be unhaired with 
the  same pancreatic enzymes as were used in bating, enzyme unhairing has 
been extensively studied by workers in many countries. T h e  process evolved 
by Rohm , which he called Ara-Ascher or Arazym unhairing, consisted 
essentially of treating the  skins with dilute caustic soda, followed by sodium 
bicarbonate and then with pancreatin. Precisely the same method is still 
in use today for unhairing goatskins in this country under the name Epilol 
process. Since 1910 many modifications have been proposed*, such as the 
use of acid for swelling, different neutralising agents, and bacterial and 
m ould proteases m place of pancreatin.
T h e  process is limited to those skins which can withstand the drastic 
swelling required without the grain becoming loose or drawn, and has in 
fact been confined to goatskins. Intensive effort has been made to devise a 
process which does no t require this initial swelling, and though methods 
have been published they do no t appear to have been applied on a commercial
* For a com plete review o f the literature see Green, J.S.L.T.C., 1952, 36, 127.
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scale except possibly in Germany for goatskins. In these cases, the  skins are 
treated directly with a proteolytic enzyme, usually of bacterial or mould 
origin, sometimes with an activator. T h e  failure of these processes 
to achieve commercial success can only be understood after making a study 
of them, for there is little or no information available either from the 
literature or from tanners who have had practical experience.
T h e  object of the work carried out has been to study the various 
published methods of enzyme depilation, to discover the objections to 
processes which do not involve a preliminary swelling, and to modify them 
so as to overcome these objections.
T h e  majority of the work was carried out on sun-dried New Zealand 
cross-bred sheepskins. This had two advantages: a supply was always 
available in the laboratory, and wool-loosening could readily be followed 
using the depilation load m ethod of Lennox. T h e  enzymes used were chiefly 
bacterial and mould protcases, though papain was also tried. T h e  experi­
mental details will be reported elsewhere.
Effect on Skin of P re-S w ellin g  Treatm ent.
T h e  most noticeable difference between enzyme depilation with and 
without pre-swelling is in the relative ease with which hair loosening is 
achieved following the pre-swellmg. W ith o u t  pre-swelling, either a much 
higher enzyme concentration is required, or a m uch longer time. It was, 
therefore, of interest to ascertain the reason for this difference, so that the 
effect could be simulated without the swelling. Two differences emerged 
from this w o rk :
1. T h e  permeability of skin was greatly increased by treatment with alkali 
or acid followed by neutralisation. This was shown by measuring the rate 
of flow of water through the flesh split of a piece of cow hide.
2. W ith o u t  pre-swelling, the enzyme penetrated from the flesh side only, 
the epidermis being completely impermeable. After pre-swelling, the enzyme 
penetrated much faster .from either side of the skin, though depilation 
occurred faster when the enzyme was applied to the flesh side than 
to the hair side. In these experiments there was 110 m ovem ent of the skin 
during the cnzvmc treatment. W i th  mechanical action the relative rates 
of unhairing via the flesh and hair hides may well be different.
T rea tm ent with alkali (o.in  sodium hydroxide) loosened the hair 
appreciably and it did not tighten on neutralisation. A histological examin­
ation showed that in the swollen state the epidermis had lifted, bu t 011 
neutralisation it had settled back so that it appeared to be in its original state.
I t  follows from these observations that enzymic depilation will probably 
be facilitated if the epidermis can be dislodged or if the permeability of the 
skin can be increased. Loosening of the epidermis of fresh calfskin has been 
shown to occur 011 treatm ent with acid, bases, and salts (Bowes and Elliott,
B.L .M .R .A .  Laboratory Reports,  1932, 31, 52). Unfortunately, these 
treatments, with the exception of ammonia, arc ineffective except with fresh 
skin. W i th  a dehydrated skin 110 hair loosening occurred and enzyme action 
was unaffected. Ammonia resulted in a partial loosening, and the time
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required for complete loosening was correspondingly reduced. From a 
practical point of view, however, the use of am m onia^n the tannery would 
be precluded owing to its pungency.
T he skin is made more permeable by treatm ent with hyaluronidase, an 
enzyme which breaks down the hyaluronic acid responsible for the high 
viscosity of intrafibrillary fluid. This has been demonstrated by injecting 
a solution of hyaluronidase into the skin, together with, or followed up by, 
a dyestuff or Indian ink. W hen hyaluronidase is present, the dyestuff diffuses 
over a greater area, hence hyaluronidase was originally called a “ spreading 
factor ” . Alkalis also degrade hyaluronic acid, and this is probably the reason 
for the increased permeability of limed skin. However, if instead of being 
injected, skins are immersed in solutions of hyaluronidase, the expected 
increase in permeability is not produced. This may be due to two causes: 
the slowness with which the enzyme penetrates into the skin, and its relative 
instability.
Enzyme D ep ilation  w ithout P re-Sw elling.
M a in t e n a n c e  o f  B a c t e r io s t a t ic  C o n d it io n s . The proteolytic enzymes 
which are useful for unhairing are trypsin (pancreatin), and bacterial and 
mould proteases, and these operate most efficiently over a pH  range of 6- 8 .5, 
which is unfortunately the optimum pH  range for the growth of putrefactive 
bacteria which attack collagen. The temperature range is also the same for 
both the enzymes and bacteria, viz., 2o -40oC. It is thus necessary to prevent 
bacterial growth during the course of the enzyme ac tio n : this may be 
achieved only by the addition of an antiseptic or disinfectant. T he perfect 
antiseptic fulfils three criteria, (a) it completely suppresses bacterial growth 
throughout the Course of the enzyme treatment, (b) it is without action 011 
the enzyme, and (c) it does not combine with skin substance or other 
materials present. Unfortunately, no antiseptic is known which satisfies all 
these conditions, and so a compromise must be made.
W hen depilatioq is carried out without pre-swelling, process control 
is difficult for two reasons. Firstly, the time required at any given tempera­
ture can be much longer, and secondly there is far more organic nitrogen 
passing into solution. Soluble organic m atter may interfere by combining 
with and inactivating the antiseptic, by stimulating the growth of bacteria, 
and by providing the bacteria with what may be termed a protective coating. 
Experiments on the sheepskin have shown that about 30% of the total 
nitrogen in the skin dissolves. W hen  the skin is pre-swollen, more than half 
this nitrogen is dissolved by the alkali.
It is not sufficient, therefore, to test an antiseptic by placing a piece of 
skin in a solution and observing whether hair slip or putrefaction occurs, or 
by finding out whether it interferes with enzyme activity on substrates sucli 
as gelatin or casein, though these tests are useful in eliminating a large 
proportion of substances. Tests must also be carried out with pieces of 
skin immersed in the enzyme-antiseptic solution, and an antiseptic fails if 
hair loosening is appreciably retarded or if putrefaction occurs before hair 
loosening is complete.
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Sodium fluoride has been recommended for use in the Epilol process. 
However, even a 1% solution did not prevent bacterial growth on skin in 
the absence of enzyme, hair loosening being apparent after 3 days at 37°C. 
Sodium fluoride is thus useless in enzyme unhairing unless the skin is pre­
swelled. Furfural (0 .2%), sodium silicofluoride (0 .6 %), chlorinated xylenols 
(half saturated), dichlor-m-xylenol (0 .2%) were similarly ineffective. No 
single antiseptic has yet been found completely satisfactory, bu t the two 
mixtures, sodium chlorite plus sodium azide and cresylic acid plus sodium 
azide, are the most satisfactory yet found. Both sodium chlorite and cresylic 
acid are slowly removed by skin or its degradation products, and both slowly 
inactivate bacterial and mould proteases. Sodium azide alone suffers from 
neither of these disadvantages but fs only able to control the growth of 
Gram negative bacteria, which, however, comprise the vast majority of 
putrefactive bacteria found in skin. By a suitable choice of antiseptic and 
enzyme concentration it is possible to suppress bacterial growth completely 
until hair loosening is achieved.
Once the epidermis is lifted, bacteria can attack the skin from the grain 
side, and bacterial damage on the grain is invariably more serious than that 
on the flesh. In common with other methods of depilation, in enzyme 
unhairing hair loosening does not occur at a uniform rate over a skin and 
from skin to skin, so that in any pack of skins some skins or parts of skins 
may suffer bacterial attack on the grain if the bacteria can overcome the 
antiseptic.
Although quite extensive bacterial growth has been observed on the grain 
of enzyme-unhaired hides and skins there has been no evidence that damage 
has resulted. It is not so much the presence of bacteria but the species 
of bacteria that are growing in the skin that is important. Growth is limited 
to those species which can acquire resistance to the particular antiseptic 
present. For example, it is reasonable to expect that species which can 
tolerate chlorite will be aerobic since there will exist a high oxidation potential 
in the skin. Under such conditions, bacteria do not elaborate collagenase, 
the enzyme which breaks down collagen.
M e t h o d s  o f  A p p l ic a t io n  o f  t h e  E n z y m e s . There are two possible 
ways of treating skins with enzyme, either by immersing them  in a solution 
of the enzyme, or by applying it as a paint to the flesh surface. Immersion 
possesses many advantages: it requires less labour, a uniform temperature is 
easier to maintain, and mechanical action can be given. On the other hand, 
it is unsuitable for wool sheepskins because of the high liquor ratio required, 
particularly with longer wools, necessitating excessive amounts of materials, 
and the difficulty associated with handling the skins with the wool loose and 
saturated with water; also mechanical action must be avoided except perhaps 
in the earlier stages.
Mechanical action is beneficial in helping to drive the enzyme into the 
skin. It is at the beginning that most benefit is to be derived. As the hair 
is loosened, mechanical action- should be reduced to a minimum, otherwise 
the hair is pulled off and tends to felt "or form noils, thus reducing its value, 
and with hides may get embedded in the flesh, making scudding and fleshing 
more difficult.
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A painting process presents other difficulties. In order to economise 
in space the shins m ust be piled. Hanging the skins has been tried bu t it 
is difficult as the paint tends to run off unless very thick, and high humidities 
must be maintained to prevent drying out. This difficulty is overcome by 
folding the skins along the backbone before hanging. Owing to the 
excellent insulating properties of wool, a pile of w ool. sheepskins may take 
a considerable time to come to a uniform temperature if piled at a lower 
temperature than the working temperature of the chamber. This rules out 
for practical purposes the use of high temperatures with piled skins.
Under normal circumstances, a pile of skins will heat due to bacterial 
growth on the damp wool. If this occurs in a pile of enzyme-painted skins 
the enzyme action will become uneven, the middle skins of the pile becom­
ing warmer will pull before those at the top and bottom . Excessive 
temperatures may even result in inactivation of the enzyme. Heating can 
easily be overcome by incorporating an antiseptic in the soak water.
Results O btained,
‘ It m ust be understood that in making such a fundamental change in 
process from depilation with lime and sulphide to enzyme depilation, it will 
almost certainly be necessary to modify subsequent processes to maintain 
leather quality. Up to the present, the main object has been to achieve 
successful depilation. Now it is hoped that with the co-operation of 
interested members it will be possible to work out post-depilation processes 
suitable for each type of leather.
Experiments have been carried out on sun-dried wool and hair sheepskins, 
domestic sheepskins, calfskins, and light and heavy ox hides. It is too early 
to predict that all these could be put on a commercial basis, but the results 
are very promising. At the m om ent, the cost of an enzyme process would 
work out rather above that of conventional methods, but no attem pt has 
been made to economise in enzyme. T he cost of materials, in particular 
the enzyme, will be brought down by large-scale use; effluent disposal costs 
will be cut down by the elimination of sulphide, and the value of the 
recovered hair and wool will be enhanced. It would, therefore, be misleading 
to compare the cost of a lime-sulphide process with costs based on 
preliminary pilot experiments. These worked out at 4 d. for a wool sheepskin 
(painted), 5 / 4 d. per 1 0 0  lb. wet weight ox hide (drummed), and ^/$d.  per 
1 0 0  lb. wet weight hair sheep (drummed). They should be regarded as 
maximum figures and serve only as a guide.
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ENZYME UNHAIRING AND DEWOOLLING
A Review of Works Trials Carried Out by the Research Association in 
Conjunction with Various Member Firms 
By G . H . G R E E N .
IN T R O D U C T IO N
Work on enzyme unhairing and dewoolling has been in progress at the 
R.A. for the past three years, and the stage has been reached where a review 
of the practical possibilities of such methods would be appropriate.
The advantages of enzymic methods over the more conventional methods 
are, in theory, numerous; this accounts for the great interest they have 
attracted in the past 45 years. Advantages claimed are:
1. Elimination of sulphide. Besides the unpleasant nature, requiring 
the use of protective clothing, and the generally disagreeable smell of sulphide 
compounds, the disposal of sulphide effluent is frequently a difficult and 
expensive problem. Sulphide is responsible for damage to wool on the flanks 
of painted sheepskins, and even its presence on the wool roots is undesirable.
2. Elimination of lime. Lime is the cause of such complaints as lime 
blast and inferior grain on gloving leather; it frequently presents an effluent 
disposal problem. By avoiding alkaline plumping altogether, a flatter grained 
leather can be produced.
3. Elimination o f the sweating process for sheepskin. This process, 
which is retained because it alone produces an undamaged wool, is unpleasant 
if not actually offensive, and is liable to produce a proportion of damaged 
pelts unless carefully controlled.
Enzyme unhairing has been tested on a practical scale in the tannery 
and fellmongery on a variety of types of hides and skins. Bacterial or mould 
proteases which operate most effectively under neutral conditions were used; 
consequently, as the conditions are favourable to bacterial growth, it is 
necessary to incorporate an antiseptic. Although both enzymes are effective, 
the bacterial protease is recommended since it is more conveniently produced 
in bulk (by deep fermentation), and, unlike the mould proteinase, does not 
require an activator such as sodium sulphite.
G E N E R A L  CO N SID ER A TIO N S.
So a k in g
Dried hides and skins should be thoroughly soaked back to enable the 
enzyme to penetrate. Alkalis may be used provided the pH of the skin is 
not above 8  on entering the enzyme bath. Sulphide must not be used without 
first ascertaining its effect on the enzyme: the bacterial protease used in this 
work is strongly inhibited by sulphide. Dry- and wet-salted goods, also dried 
goods soaked in brine, should be washed substantially free from salt, though 
complete elimination of salt is not essential.
F l e s h in g  a n d  br e a k in g -o v er
Goods must be either fleshed or broken-over prior to enzyme treatment. 
The presence of fat and /o r  parchment layers may seriously impede penetration 
of the enzyme. Green fleshing is feasible with all types of skin.
E q u ip m e n t
Apart from wool sheepskins which must be painted, all other skins are 
best unhaired by a bath process, using paddles, drums, or lattice drums. In 
general, the rate of hair loosening is related to the concentration of enzyme 
in solution and not to the ratio of goods to enzyme. Consequently the lower 
the liquor ratio, the less enzyme is required. Hence, when a liquor is used 
only once, a drum would prove most economical.
The rate of hair loosening is dependent on the degree of mechanical 
action. Best results are obtained in a drum. At the other extreme, the 
painting method allows no mechanical action, and a high enzyme concentra­
tion in the paint must be used in compensation.
T e m p e r a t u r e  C o n tr o l
The optimum temperature for unhairing is about 40°C ( 104CF) and the 
rate of hair loosening falls progressively w'ith temperature. Below 20' C 
(68°F) it is usually too slow for practical purposes. Paddles and lattice drums 
enable a steady temperature to be maintained either by injecting steam or 
immersing a heating coil in the liquor.
Unless pre-warmed before entering the bath, the goods will cause a 
fall in liquor temperature. It is perfectly safe, however, to enter the goods 
into a liquor at 50CC ( 122°F) or even higher, the limiting factor being the 
shrinkage temperature of the skin. The enzyme, on the other hand, must 
not be added to a liquor above 45°C (113°F) since it may be inactivated fairly 
rapidly. It is usually convenient to add the enzyme to the bath (containing 
the antiseptic and goods) after temperature equilibrium has been reached. 
If heating is carried out during the process, the liquor must be agitated to 
avoid local “ hot spots.”
The temperature control of painted skins is discussed below'.
R e -u s e  o f  l iq u o r
During the unhairing process a proportion of the enzyme is lost by 
absorption into the skin and by denaturation. Antiseptic is also lost oy 
absorption or decomposition. It is possible to determine the residual enzyme 
and antiseptic in the used liquor and restore the liquor to the original 
concentration after making up the volume. As the liquor containing enzyme 
must not be heated above 40°C, any "drop in temperature on entering the 
skins must be made good by subsequent heating. Hence, the re-use or liquors 
is best confined to the paddle or lattice drum, when, because of t.ne higner 
liquor ratios required, the need is greatest.
Together with the loss of enzyme and antiseptic, there is an accumulation 
of skin protein degradation products in the liquor. This renocis the 
maintenance of bacteriostatic conditions more difficult, for protein m solution
or suspension may exert a protective action on the bacteria towards the 
antiseptic and may combine with the antiseptic making it less potent or even 
inactive. It is difficult to advise on the re-use of enzyme liquors without 
carrying out practical tests. Depending upon circumstances, it may be 
possible to re-use a liquor continuously for a week at a time or for only a 
couple of packs.
The perfect antiseptic should be without influence on the enzyme and 
effective against all types of bacteria. It should be completely stable and 
not absorbed on to the skin or its degradation products. Such a material 
has yet to be found and a compromise must be adopted. Suitable antiseptics 
for use with B. subtilis and A. flavus-oryzae proteases are cresylic acid + 
sodium azide, or sodium chlorite + sodium azide.
Pa in t  t h ic k e n e r s
The most suitable thickener for an enzyme paint is kaolin (china clay). 
Some 40-80 parts per 100 parts water (depending on particle size) are 
required to give a paint of suitable consistency. The antiseptic and enzyme 
are dissolved in the water, the kaolin is added and allowed to settle, and 
then the mixture is stirred up. It is very difficult to thicken a paint made up 
incorrectly except by mixing with a thicker paint.
Q u a l it y  o f  r a w  m a t e r ia l
Where a skin has been attacked by bacteria as, for example, during 
curing or soaking, the attacked areas are much more susceptible to enzymic 
degradation; it is not uncommon with dried skins of poorer quality to find 
holes appearing, particularly round the flanks, during the enzyme treatment. 
Bacterial damage may become apparent during sulphiding and liming, since 
these processes more readily degrade collagen which has been subjected to 
bacterial attack than native collagen. The effect of proteolytic enzymes is, 
however, more severe. It is true that any damaged skins which survive a 
lime-sulphide treatment will produce inferior leather, but inferior leather 
is better than no leather at all, so that it may be advisable to avoid the enzyme 
process with stock known or suspected of being badly cured. This applies 
more to skins than to hides, where the damage is of less significance owing 
to the thicker substance.
RESULTS OF PRAC TICA L TRIALS
OX AND COW HIDES
Various classes of hides, wet-salted and dried, have been unhaired 
within 24 hours in a drum or paddle. With prolonged drumming there is 
the possibility of loosened hair becoming embedded in the flesh, hence it 
may be advisable to stop mechanical action once the hair has begun to move. 
Hair embedded in the flesh is readily removed during subsequent fleshing or 
is lost during tanning. Another disadvantage of prolonged drumming is that 
the hair tends to ball up.
The main difficulty with the process for hides is the removal of residual 
short hairs. This is not peculiar to enzyme unhairing but applies to all
methods where the hair shaft within th e . follicle is not disintegrated or 
weakened so that it can readily be broken at the surface. All methods which 
do not use sulphide have this weakness. The hair root is digested, but the 
hair shaft within the follicle is not and has to be pulled out. Unless a 
sufficient length of hair lies outside the follicle, the unhairing knife cannot 
gain sufficient grip. Even a scudding machine is not completely successful 
and very often the only alternative to laborious hand scudding is the use of 
sulphide. The serious drawback renders the process impracticable except 
when residual short hair is of no consequence, e.g., with corrected grain 
leather where it is buffed away, or with sole leather.
Chrome side leather tanned from unhaired hides without subsequent 
liming has a flatter grain than similar leather from sulphided stock. If liming 
is omitted the hides have to be split in the blue. Leather from hides limed 
after enzyme unhairing is intermediate between that from unlimed hides and 
normal sulphide-limed production.
For sole leather a preliminary plumping before tanning in either 
lime or acetic acid was required. Acid plumping results in a somewhat 
slower rate of tannage than with lime plumping, though both methods yielded 
satisfactory leather fully comparable with normal production from the same 
class of hide. With careful control it may be possible to plump with caustic 
soda instead of lime.
C a l f s k in s
Owing to their thinner skin and looser structure the unhairing of calfskins 
is rather easier than with hides but the short hair problem is far more serious, 
removal by hand being extremely tedious. Furthermore, unless given a 
strong plumping with sulphide, insufficient substance is obtained, the leather 
resembling glace kid rather than calf. A combined enzyme unhairing 
followed by sulphiding to plump and remove short hair was considered a 
possible method of reducing growth marks, but was not successful.
H a ir  s h e e p s k in s
The fleece of a hair sheep consists of two types of hair, a relatively fine 
hair covering the greater part of the skin, and a coarse hair allied to a mane 
along the backbone and over part or all of the pole. The former is readily 
removed by conditions adequate for hides; the latter may prove very resistant. 
Skins have been put through one treatment to remove the bulk of the hair, 
and after a second treatment in a completely fresh enzyme bath the coarse 
hair remained perfectly tight. Microscopical examination showed the roots 
to be unattached, yet the follicle wall and surrounding epidermis had 
disintegrated. Enzymic treatment cannot be continued until this hair is 
loosened, as appreciable attack may occur on looser parts of the skin; rather 
the unhairing should be completed in a weak hydrosulphide-lime liquor.
A paddle is to be preferred to a drum because severe mechanical action 
particularly with a small float causes the hair to mat badly, even while it 
is still on the pelt.
Gloving leather, produced from enzyme-unhaired skins, when given a 
subsequent mild liming to remove resistant hair has been proved satisfactory
and with a flatter grain than that achieved by conventional processes. The 
grain is sensitive to overtreatment and bacterial growth must be kept down. 
The mould protease is preferable to the bacterial protease as its action is 
milder. With the bacterial protease as low a temperature as possible should 
be employed.
W o o l  s h e e p s k in s
A bath process is unsuitable for wool sheepskins owing to the large 
float required, the danger of felting, the difficulty in handling wet skins with 
the wool loose, and the inconvenience of sorting wool loosened in the bath. 
With a painting process, the main difficulty is the maintenance of a suitable 
temperature. Using a convenient strength of enzyme paint, wool loosening 
required between one day at 37°C (98°F) and two to three days at 20°C (68°F). 
To achieve loosening in a reasonable time artificial heating is necessary. 
Fellmongers employing the sweating process have chambers at their disposal, 
but those processing only domestic and similar skins usually have no such 
facilities and would require chambers specially constructed for the purpose.
It is more convenient both in labour and space to pile the painted skins 
rather than to hang them. In either case the skins must be folded along the 
backbone, for if hung unfolded some drying out may occur, and a thicker 
paint must be used to prevent run off. Temperature control is simplified, 
however, if the skins are hung in a properly equipped chamber.
If piled, two considerations must be borne in mind. Firstly, owing to 
the excellent insulating properties of a pile of wool sheepskins, the individual 
skins must be brought to the desired temperature before piling; the best way 
to do this is to soak in warm water and paint in the chamber. Secondly, 
unless precautions are taken, the skins will heat in pile giving uneven 
temperatures and hence different rates of wool loosening, together with the 
risk of overheating. Also, the bacteria developing on the wool (the cause of 
the heating) may penetrate the enzyme-digested epidermis and resist disinfec­
tant which has diffused through the skin from the paint.
Heating can be avoided by soaking the skins in antiseptic solution prior 
to painting. An overnight soak in 0.01% sodium chlorite solution is usually 
adequate. Shorter periods with this concentration have been found 
inadequate.
Works-scale tests have shown that enzyme-dewoolled pelts are as good as, 
if not superior to, those obtained by the sweating process, and there is no 
danger of “run” pelts even when the time of incubation is unduly prolonged, 
e.g., from two to three days. Promising results have been obtained with 
domestic skins. Their thicker nature demands rather more antiseptic in the 
paint than is required for Merino skins. The wool is not loosened to quite 
the same extent as with a sweated or sulphided skin, but it is considered 
reasonable for pulling by most fellmongers. In the tests mentioned, the pelts 
were limed without sulphide after dewoolling. The necessity for liming has 
not yet been established and it is probable that an acid plumping could be 
substituted.
COST
For a bath process employing commercially available bacterial protease, 
using a 1% solution of enzyme in a 300% float (based on the soaked weight 
of the goods), the cost of materials works out at l.Od. per lb. net weight.
For a painting process on sheepskins, the cost of materials for an average 
sized skin is of the order of 7 - 8d.
In both cases the enzyme represents the major portion of the cost, that 
of the antiseptics and paint thickener being negligible in comparison. Both 
figures are rather high compared with the cost of lime and sulphide; the 
cost of painting compares particularly unfavourably with the sweating process 
where the cost of materials is nil. A number of other factors which must 
be borne in mind in comparing costs can only be assessed by the individual 
tanner or fellmonger. These include:
1. Enhanced value of wool and hair.
2. Reduced effluent disposal costs. '
3. Elimination of liming and bating.
4. No losses from “run” pelts.
5. Enhanced value of the finished leather.
6 . Lower value of green fleshings, particularly if admixed with
hair, as compared with limed fleshings.
7. Cost of hand scudding.
8 . Cost of fuel for heating liquors.
It is probable that the cost of the enzyme would be reduced if the process 
was adopted and production increased; improved methods of production 
may also reduce the cost.
CONCLUSIONS
To sum up, the enzyme treatment cannot at present be recommended 
to the trade as a practical and economic process. With all classes of goods 
examined there is some serious drawback. With wool sheepskins, the process 
has no insuperable technical difficulty; there are distinct gains to be obtained 
but, on balance, the cost is high. With hair sheepskins, there are the practical 
difficulties of removing backbone hair and the accentuation of grain damage. 
With ox and cow hides, the removal of short hairs is an obstinate problem.
Despite this gloomy picture, the long-term advantages that would result 
from elimination of sulphide from the tannery are sufficient to satisfy the 
work done and to encourage far-sighted member firms to persevere with trials 
in their yards. A  change in circumstances, e.g., a reduction in the cost of 
enzyme or increased difficulties from effluent disposal, would make the enzyme 
process much more attractive. The experience so far gained could become 
of great value. Meanwhile, work will continue at Milton Park in an attempt 
to overcome the technical problems.
g ..H  . G R E  E N  . 
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UNHAIRING BY MEANS OF ENZYMES.
(A Review of the Literature.)
By G. H. Green.
A number of reviews on this subject have already been published1-2-3-6 
though all are far from complete. In addition, two extensive review's of the 
patent literature are available4-5. The present review attempts to cover the 
whole literature thoroughly, and arrange it in a more systematic order than has 
been done hitherto. The references were obtained from the reviews already 
cited, Chemical Abstracts, and the Abstract sections of J.A .LC .A . and 
Collegium. In most cases the original paper or patent has been consulted.
The majority of the published information on enzymic unhairing is in the 
patent literature which is not always reliable. On the other hand, much of 
the work published in scientific journals has been carried out in the laboratory 
with small pieces of skins, and it cannot be presupposed that the same results 
would be obtained on a large scale with whole skins, or even on the laboratory 
scale with other classes of skins from the same kind of animal.
The review is divided into sections according to whether the enzymes used 
have been derived from animal, mould, bacterial, or plant sources, and into 
methods independent of the source of the enzyme. For convenience of refer­
ence, the main literature references are given in alphabetical order. Papers 
or patents identical or covering the same ground have been placed together 
under the same reference number.
Animal Proteases.
The first successful enzymic unhairing was achieved in 1910 by Rohm in 
Germany and named Ara-Ascher (later Arazym process) . 42 Rohm found 
that the use o f pancreatic enzymes (tryptases) for bating could be extended to 
unhairing if the skins were given a preliminary swelling in dilute caustic soda 
solution followed by neutralisation with sodium bicarbonate. An antiseptic 
such as cresol should be present in the enzyme bath and the unhairing process 
required one or more days. In the absence of swelling, the unhairing is not so 
effective. In the U.S. Patent, it is specified that the alkali treatment may precede 
or follow the enzyme treatment. A much later Russian Patent39 follows the 
same fines except that ammonium sulphate is added to the enzyme bath.
The Ara process was subsequently modified43 to include any caustic alkali, 
caustic earth alkali, or ammonia for the pretreatment, with the addition of a 
neutral salt, especially sodium sulphate, to reduce the extent of the swelling, 
enabling a higher temperature to be used and so reduce the time required. A 
fused mixture of sodium hydroxide and sulphate heats the bath as it dissolves. 
Alternatives specified for neutralisation were ammonium sulphate and chloride 
and weak acids such as boric. The neutralising agent could be added with the 
enzyme if desired. The used enzyme liquor could be further used for the 
preliminary soaking of hides.
The chemistry of the Ara process42 was investigated in detail by Turley 
and Morse51 who analysed the various types of nitrogenous compounds lost
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from the skin at the various stages of process. Eighty per cent, of the nitrogen 
was lost in the swelling, and 1 0 % each in the neutralisation and enzyme stages. 
They conclude that the small loss in the last stage means that enzyme action 
involves merely the partial hydrolysis of the proteins binding the hair and 
epidermis to the underlying connective tissue.
Pickard41 found that pieces of sun-dried goatskin placed in 0.2 % 
pancreatin at pH  8 under toluene, unhaired easily after 14 days at room temper­
ature. The pelts appeared well bated. Microscopical examination showed 
the fibre structure to be well opened up, the elastin destroyed, the collagen not 
appreciably digested, and the grain undamaged. A satisfactory leather was 
produced from the pelt, comparing favourably with that from a limed skin.
Wilson and Gallun61 carried out a similar experiment with fresh calfskin 
at 40°. After 48 hr. a rapid dissolution of the collagen began, proceeding 
from the flesh side with no indication of hair loosening. However, after first 
swelling in caustic soda and neutralising, satisfactory unhairing occurred. On 
the other hand, at 25° no unhairing occurred even with alkali pretreatment 
unless the toluene was omitted, indicating that at the lower temperature the 
action was bacterial. The swelling could be carried out with 0.05n HC1 in 
place of alkali, with similar results, hence the authors conclude that the action 
of pancreatin depends on pre-swelling irrespective of the swelling agent. A 
microscopical examination indicated that the epidermis is impermeable to 
enzymes until it is swollen in alkali or acid, when it is also attacked by the 
enzyme.
Ullmann and Theis52 claim that pretreatment of hides with a 0.02-0.04% 
solution of pancreatin at 15.5-27° for 20 hr., whilst not loosening the hair, 
enables the liming period to be reduced to 20 hr. No soaking back of dried 
hides is necessary.
The use of cathepsin (a papain type of protease present in animal organs 
such as liver and kidneys) has been patented by Geigy23. A 0.1 % suspension 
of ground-up organs or 0.3% sawdust—organ meal is used together with a 
reducing activator and an antiseptic (0.5 % boric acid) at pH 5-7. Calfskins 
require 24-48 hr. at 37°.
Simskaya47 reports that fish entrails, preferably carp, preserved with 20% 
salt, are suitable for softening and unhairing hides.
M arriott36 found that pepsin was not an unhairing agent. In acetic acid 
solution, unhairing of salted hide was no faster than in the acid alone ; in 
hydrochloric acid solution, gelatinisation occurred, which could be prevented 
by addition of salt, though no hair loosening took place in either case.
Ross46 claimed that an autolytic enzyme exists in skin which itself causes 
hair loosening. Bacterial action is inhibited by the addition of their metabolic 
products, e.g., ammonia, amino-acids, etc. Trypsin or other proteolytic 
enzymes active in  alkaline medium may be added.
Fungal Proteases.
The use of fungal proteases followed naturally on pancreatin when the 
similarity of their properties was discovered. As early as 1918, Hilgermann
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and Emmerich24 patented the use of enzymes from moulds such as Mucor and 
Aspergillus. The skins are given a pre-swelling in caustic soda, neutralised 
with hydrochloric acid, and treated with a solution of enzyme at 22-25°. No 
antiseptic is necessary and the time required is 1 - 2  days but may be doubled 
if desired.
Le Petit32 gives details of the production of protease from A. niger, 
P. glaucum, and Mucor mucedo grown on lactic—fermented bran. The skins 
are swollen in alkali or acid (preferably lactic or formic), neutralised with 
sodium bicarbonate or ammonia respectively, then either dipped in the enzyme 
solution and hung in air at 25-38°, or immersed in the enzyme solution at 
25-36° with aeration or addition of hydrogen peroxide. For flexible leathers, 
e.g. chamois or glace kid, the skins should be treated after unhairing with 
another enzyme such as 0 .1- 1 0 % cyanide—activated papain or bromelin. 
Another patent33 mentions A. oryzae as especially suitable and utilises as 
culture medium bran, grain, or grain wort impregnated with various organic 
materials, which avoids the need for sterlisation. A further patent34 uses 
starch and protein-containing bodies for growth, and the culture is mixed with 
50% sodium sulphate, 2% sodium bicarbonate and 2% boric acid.
A bt7 and Berliner13 give detailed descriptions of the use of “ Piltan,” 
subsequently called “ Sojal,” a mould enzyme from A. oryzae. The rate of 
unhairing rises from a minimum at 20° to a maximum at 37°. Boric acid 
(0.4%) or cresol are recommended as antiseptics : the former is not com­
pletely bactericidal but the hair can be pulled before putrefaction sets in. 
Unhairing is facilitated by a preliminary alkali treatment of the skins. Abt 
also examined the unhaired skin histologically.
Kaverzneva and Oleinikova29 describe the production of mould enzymes 
using a soya bean medium. The enzyme is only slightly absorbed by kaolin 
and the solution is activated by sawdust and slightly activated by 0.05-0.1% 
sodium or ammonium sulphates, higher concentrations having a depressing 
action. Pre-swelling of the skins with alkali is necessary. Unhairing requires 
1-3 days at 30° in the presence of toluene or phenol.
According to Rohm44, A .flavus  is particularly suitable for the production 
of protease. The enzyme is used in neutral or slightly acid solution and is 
activated by salts of oxy-sulphur acids which are reducing agents, and by 
ammonium salts. Sodium bisulphite is advocated in place of bicarbonate 
for neutralisation after alkaline swelling since it avoids the formation from 
hard waters of calcium carbonate which settles out mainly on the grain and 
affects the dyeing properties of the leather. The use of the reducing agents 
enables a weaker alkaline swelling to be used, or swelling to be omitted 
altogether. Unhairing in acid solution is claimed to produce a stronger and 
finer grain than in alkaline solution.
In a further series of patents, Rohm 45 claims that still further activation 
of the mould proteases is achieved by addition of oxidising agents such as 
nitrites, nitrates and peroxides, but not bichromates, permanganates, or 
c chlorine—containing compounds which are unsuitable. They may be added 
separately or together with the reducing agent and with the enzyme, and the
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specifications detail all possible combinations. Organic hydroxy compounds 
may be used as antiseptics in the enzyme bath.
Babakina9 states that the activity of the protease from A. oryzae 
(“ Oryzone ”) grown on potato waste is 1.5-2.0 times that grown on bran. 
Unhairing was carried out at pH 5.2-6.0 and 35-50° in the presence of sodium 
bisulphite and silicofluoride.
Other suitable substrates for the growth of A. oryzae are rice, with or 
without skin substance30, hulls of grains used for groats manufacture, or a 
mixture of bran and wood flour10.
The activities of the proteases produced by different strains of A. flavus 
differ markedly. Stuart50 examined 36 strains grown on Czapelc agar and 
tested the unhairing activities on pieces of calfskin (36 hr. at 30°). Nine gave 
loose hair, six slightly loose hair, and the remainder no loosening.
The Arazyme process using mould enzymes in place of pancreatin is in 
commercial use in Germany at the present time and two reports have been 
published giving details. A. B.I.O.S. report14 describes the manufacture of 
glace kid, and a F.I.A.T. report22 describes the production of the protease 
from A. parasiticus, its standardisation and use. A further F.I.A.T. report21 
describes the fellmongering of sheepskins in Germany with the same enzyme. 
A mixture of protease, kaolin, zinc carbonate, and sodium sulphite is painted 
onto the flesh side of the skins, the skins piled flesh to flesh and stood for 
about 24 hr. ,
Extracts of yeasts or autolysed yeast have been claimed to serve as unhair­
ing agents38’60 or to enable a milder liming than usual to be given, thus avoid­
ing loss of substance in the lime liquor. 15
Bacterial Proteases.
Both bating with dog or hen dung and the sweating process depend 
basically on bacterial proteases, so that their use in a relatively pure state for 
enzymic unhairing follows naturally. In fact a dog or hen dung bate prepared 
by fermenting the dung in water at 30-40° with sodium carbonate for 3-6 hr., 
has been proposed for unhairing . 18 It may be used as such or dried with wood 
flour. An alkaline swelling may be given to the skin if desired. Unhairing is 
claimed to take 1-2 days, the hair or wool being undamaged. Also a Belgian 
patent37 treats skins on the hair side with a bate which is acid and has an 
oxidising action, and then subjects them to sweating.
Hilgermann and Emmerich24 utilise B. mycoides, megatherium and 
mesentericus as sources of enzyme, the method being the same as described for 
mould protease by the same authors (see above).
A Societe Progil patent48 specifies spore-forming bacteria, especially 
B. subtilis, mesentericus and liquefaciens, and gives details of production of the 
enzyme. " Skins are pre-swollen in caustic soda solution, neutralised, and 
treated with 1% enzyme solution for several hours at 37°.'
Boidin and Effront17 describe the production of bacterial enzymes in 
solution preserved with phenol or cresol. Skins are treated at 15-25° (time not
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specified), the low temperature reducing the loss of skin substance. The same 
enzyme may be used for bating at 28-30°.
Lenk and Lippner31 give details of the preparation of enzymes from 
B. coli commune and Staph, pyogenes albus, separately or in mixed culture, 
which are very stable in acid solution. They can be used both for unhairing 
and bating. Hausam 3 expresses surprise that B. coli is specified, as it is non- 
proteolytic.
Wallerstein Co. Inc .53’55 have patented the preparation and use of a 
combined unhairing and bating enzyme from spore-forming bacteria,
B. mycoides, mesentericus and subtilis. Hides are given a preliminary swelling 
in caustic soda and neutralised and require 24-28 hr. in the enzyme bath at 
25-35°. The enzyme may be re-used after restoring its concentration. Pine 
oil, formaldehyde or furfural are proposed as antiseptics. Sheepskins are not 
pre-swollen but painted with a 50 % solution of the enzyme and require 24 hr. 
at 30-40°. No substantial damage to the pelt is claimed.
Delhalle20 describes the use of Batinase A (a B. subtilis enzyme) for dewool- 
ing sheepskins. The skins, after soaking in cold 1 % sodium carbonate solu­
tion, are immersed in 0.3% enzyme and 0.6% ammonium sulphate solution 
at 37° for 24-48 hr. Accompanying putrid odours can be eliminated by a 
finishing wash in slightly ammoniacal oxygenated water.
An I.G. Farbenindustrie patent25 claims that by growing micro-organisms 
on a corium-free epidermis, the specific epidermal proteases are produced. 
Details are given for separating epidermis from corium by bacterial digestion 
of the latter. Alternatively keratose may be used. The micro-organisms 
recommended are A. oryzae, B. sphaericus, mesentericus, vulgatus and ochrae- 
cum, the bacteria being isolated from sweated skins.
In a B.I.O.S. report14 details are given of the use in Germany of a bacterial 
enzyme for unhairing goatskin for glace kid manufacture which does not 
require an alkali pre-swelling. Three days at 19° are needed using 300% 
water and 5 % enzyme. The source of the enzyme and its method of prepara­
tion are not divulged.
Though strictly not within the compass of the present review, mention 
may be made of a paper by Pawlowitsch40 who states that the bacterial enzymic 
activity of a used soak liquor activates 1 0 0 -fold the unhairing action of a 
lime liquor.
Plant Proteases.
The only plant protease studied in detail for its unhairing propensities 
is papain. The first mention of its use for unhairing is in a patent by Balland . 11 
He advocates a 0.1% solution at 85° (probably a misprint for 35°) in weakly 
acid, neutral, or alkaline solution, the first if hair or wool damage is to be 
avoided. Sodium chloride or other electrolyte may be added as activator and 
sodium fluoride as antiseptic. The time required is 36 hr.
Bergmann et al12 using pieces of calfskin in four times their weight of 0.2 % 
solution at 30° under toluene found the rate of unhairing to be dependent on 
the nature of the buffer salts at pH values of 5, 7 and 8 , which was correlated 
with the ability of the buffer salts to form complexes with heavy metals. A
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mimimum time of 9 hr. was required in a citrate buffer at pH 5. The amount 
of hide substance dissolved was directly related to the unhairing activity, 
according to the buffer used.
The use of papain has also been patented by the I.G. Farbenindustrie26 
the claim stating that it may be used at a temperature as low as 6 ° and not over 
40° (optimum 15-35°) and pH 6.7-12 (optimum 8 ). The skins may be pretreated 
with acids, alkalis or various salts. The papain is preferably activated and may 
be used in a bath or painted onto the skins in admixture with buffer salts and 
an inert thickener. Two to three days are required. At pH 8 wool is un­
damaged by the treatment. The skins are simultaneously unhaired and bated.
According to Lisitzuin35, skins treated with a 1 % solution of bisulphite- 
activated papain at pH  5 require 24-48 hr. at 30° or longer at a lower tempera­
ture. Preswelling is unnecessary.
On the other hand, Stiasny49 states that papain is useless for unhairing 
as it attacks collagen more readily then the Malpighian layer.
The seeds of a species of Solanum indigenous to Africa were investigated 
as a source of unhairing enzyme by Airoldi8 but little success was achieved.
Miscellaneous.
An omnibus patent by Wallerstein59 gives details of the preparation of 
bacterial enzymes, but mould enzymes, separately or together, or these together 
with trypsin or plant proteases, may be used for unhairing. Skins are swollen 
in alkali and neutralised to not less than pH  8 , preferably 10-11, with sodium 
bicarbonate or borax. Ammonium salts, a reducing agent, e.g., sulphite or 
urea, and a disinfectant are added. Details are given of concentrations, 
temperatures and times.
A closely related p a te n t58 suggests reducing the pH after swelling to 9-11, 
preferably 9.6, using water alone or borax. Complete neutralisation is said to 
shrink extended fibres and shorten them irreversibly, also to precipitate free 
fatty acids resulting in impervious layers in the skin which interfere with the 
uniform action of the enzyme, resulting in a lower quality leather.
Another Wallerstein paten t54 suggests that the hair be first partially 
loosened in an alkali bath (lime, caustic soda plus reducing agents, amines, 
etc.) which is then partially neutralised and the enzyme added. A further 
patent57 uses a combination of any proteolytic enzyme and a C2-C 6 aliphatic 
amine with phenol, etc. as antiseptic. The skins are swollen in alkali if desired, 
adjusted to pH 9-11, and treated at 25-35°. The amine concentration is 1-5 % 
of the skin weight.
Boidin and Effront16 treat skins with a protease plus a weak alkaline salt 
(borate, silicate, phosphate, etc.) at pH  8 .0-8.5. Unhairing of hides and skins 
is claimed to take 24 hr. at 13-15° for bacterial enzymes and 20-30° for enzymes 
from other sources. Antiseptics must pe present.
A patent from Kalle & Co . 27 claims that the rate of unhairing with pro­
tease and sulphite is increased by a heavy metal salt (Cu, Hg, Bi, Ag, Fe, Zn, 
Pb) in the presence of a complexing agent (e.g., albuminous substances, ammonia 
amino acids, etc.) to prevent precipitation. Another patent28 uses water- 
soluble salts of tri- or tetrathionic acids as activators for the protease-sulphite.
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Arsenic salts are additional activators. Unhairing is carried out in neutral 
to weakly alkaline solution at up to 30° in the presence of a disinfectant.
According to Wallerstein and Pfanmuller56, treatment of skins with amido 
compounds such as urea and acetamide gives a smoother and tighter grain 
and a superior leather. Their use in conjunction with enzymic unhairing in 
the enzyme bath is advocated.
The author is indebted to the Director and Council of The British Leather 
Manufacturers’ Research Association for permission to publish this paper.
British Leather Manufacturers' Research Association,
Milton Park,
Egham, Surrey.
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Enzymic Dewoolling of Sheepskins-—I. 
Exploratory Investigations.
By G. H . G reen.
SYNO PSIS
Published methods for dewoolling sheepskins by means 
of enzymes are reviewed. M ethods involving the use of 
bacterial and m ould proteases, and o f papain have been 
investigated in the laboratory with regard to the influence 
o f disinfectants, enzym e concentration, temperature, and 
activators.
CO NTEN TS.
IN T R O D U C T IO N .
I. REVIEW  OF TH E LITE RATU RE.
H. OBJECT OF TH E IN V E ST IG A T IO N .
HI. M A T E R IA L S A N D  M E T H O D S
IV . RESULTS.
(i) M aintainance o f Bacteriostatic Conditions.
(ii) Immersion o f Skin in G elatase Solution.
(Hi) Im m ersion of Skin in Papain Solution.
(iv) Immersion o f Skin in M ould Protease Solution.
CO NCLUSIONS.
IN T R O D U C T IO N .
Two methods are in general use in the fellmongering industry for 
dewoolling sheepskins:— (a), the painting process using sodium 
sulphide, sodium hydrosulphide, or occasionally arsenic sulphide, 
which are thickened with lime or china clay, and (b), the sweating 
process. Both methods have several disadvantages, the chief being 
damage to  the wool by sulphide in the paint, and damage to the pelt 
by bacteria in sweating. The possibility of an enzymic method of 
dewoolling which would overcome these disadvantages, has 
attracted attention for well over 40 years.
For an enzymic method to be practical on the works scale it 
should fill all, or at any rate most, of the following requirements:
(a) It must not cause any damage to the pelt or wool.
(b) It must not require high expenditure in labour or materials; 
though if liming and bating can be dispensed with, this must 
be taken into account.
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(c) The time required for complete wool loosening must not be 
too long, preferably 24 h or less.
(d) It must be flexible, i.e., the rate of dewoolling must be 
capable of being varied to suit the operator.
(e) Dangerous or toxic chemicals are not required.
I. R EV IEW  O F TH E LITERATU RE.
In 1910, Rohm(1) showed that enzymic depilation of goatskins 
was a practical proposition providing the skins were given an initial 
swelling in alkali, and neutralised prior to enzyme treatment with 
trypsin. Such a method has been and still is in extensive use for 
glace kid manufacture in Germany, England, and the U.S.A. 
(Arazyme or Epilol process). I t cannot, however, be used for 
dewoolling sheepskins; firstly, because the wool would be severely 
damaged by the strong alkali, and secondly, because the pelt is 
too weak to withstand such a high degree of swelling which would 
result in a loose-grained leather. A  number of claims have been 
■ made that unhairing can be accomplished without this preliminary 
swelling. Rohm(2) proposed the addition of a reducing agent 
(sulphite or thiosulphate) to a mould protease, and, according to a 
F.I.A.T. report'3’, this process was being worked in Germany, using 
a mixture of mould protease, kaolin, zinc carbonate, and sodium 
sulphite painted on to the flesh side of woolskins which were then 
piled flesh to flesh for about 24 h. This method, or one very 
similar, was tried out on dried Colonial skins in Scotland under 
works conditions just before the last war, but without success/ 45 
- A proposal to try the process in Germany with skins brought over 
from Scotland was thwarted by the outbreak of war, and has not 
since been pursued.
Lissitzin<5) states that bisulphite-activated papain will unhair 
skins without the need for pre-swelling. A Wallerstein patent<6) 
claims that dewoolling may be achieved in 24 h at 30-40°C by 
painting sheepskins with a strong (50%) solution of bacterial pro­
tease. A  B.I.O.S. report(7> mentions a German bath process for 
unhairing goatskins for glace kid with a bacterial protease, using 
a low liquor ratio (3 :1) and high ratio of enzyme to skin (5%), 
at 19° C, in three days.
II. OBJECT OF TH E IN V E ST IG A T IO N .
Some of the methods described above offer promise, and they 
have been examined in the laboratory with the object of assessing 
the influence of enzyme concentration, temperature, and presence 
of activators and antiseptics. There is a very considerable literature 
on enzymic unhairing (reviewed recently(8)) but it represents only 
a small proportion of the enormous amount of work which has 
been carried out in this field. The majority of it is in the patent
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literature which does not describe preliminary work leading up to 
the discovery of methods claimed to be successful. Much work 
must obviously be repeated by subsequent investigators in the same 
and related fields. For this reason the results of the present investi­
gation are reported in considerably more detail than any published 
hitherto.
For woolskins, the painting method offers several advantages 
over immersion methods. The wool occupies a considerable bulk, 
and high liquor ratios are required for immersing wool sheep­
skins. This would entail the use of large amounts of enzyme and 
other chemicals, and there is the probability of loss of enzyme by 
adsorption on the wool. The wool will become contaminated with 
the enzyme and chemicals, which, whilst not damaging it, may add 
to scouring difficulties. In addition, if temperatures above atmos­
pheric are required, there is the cost of heating large volumes of 
water.
A  further serious objection to the bath process is that paddling 
cannot be used to maintain an even temperature. In the early 
stages, there is the danger of felting the wool, the lower the liquor 
ratio the greater the danger; whilst in the later stages, the wool will 
be pulled from the pelt, with the result that sorting of the wool will 
be difficult if not impossible. If atmospheric temperature cannot 
be used, a circulating system with an external heater would be 
required. There is a further difficulty of handling the skins with 
the loose wool in a very wet state, and the additional process of 
hydro-extracting the wool prior to drying. Painting, on the other 
hand, involves the cost of a thickening agent and requires more 
labour. Moreover, the skins may have to be piled, whereby there 
is a danger of heating; temperature variations within a pile may 
cause uneven rates of wool loosening, whilst overheating results in 
destruction of the enzyme. Finally, it isi more difficult to maintain 
bacteriostatic conditions in paints.
The two published methods which have been investigated here, 
the Wallerstein method(6) using a bacterial protease, and the 
Arazyme method(3) using a sulphite-activated mould protease, 
employ the painting method. As it is more difficult to control a 
painting process in the laboratory, the immersion method has been 
used in the present preliminary work. The knowledge gained has 
been applied to the painting of whole skins; the results of these 
trials will be reported in a subsequent paper.
III. M ATERIALS A N D  M ETHO DS.
S h e e p s k in .
The majority of the work was carried out with sun-dried 
Australian and New Zealand sheepskins. Whilst these cannot 
be considered an ideal material owing to the possibility of putre­
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faction having taken place during curing, and the soakmg-back 
being incomplete it had many advantages: the material was always 
to hand; comparative experiments could be performed on the same 
skin over a period of time; large numbers of such skins are worked 
in Britain by the sweating process where the substitution of an 
enzymic process would be welcomed.
The skin pieces were soaked back in tap water at 15-25°C, and 
stretched by flexing over the edge of a sheet of plate glass. The 
period of soaking influenced the rate of wool loosening. When 
soaked at 19 °C, skins were dewoolled appreciably faster after a 
two day soak than after a one day soak, though extension to three 
days did not have any further influence. Failure to stretch the 
skins markedly retarded enzyme action, whilst flexing over the 
edge of a steel blade was somewhat better than over a glass plate. 
In the work reported, the optimum conditions of soaking and 
stretching have not always been used, though the results of any 
one experiment are always comparable having been obtained with 
skin pieces cut from adjacent areas of the same skin.
E n z y m e s .
M o u l d  P r o t e a s e ,  a bran culture of Aspergillus flavus-oryzae 
kindly supplied by Dr. F. G. Lennox, C.S.I.R.O. Australia.
G e l a t a s e  20 X, a culture of B.subtilis, spray dried with sodium 
sulphate, prepared by Messrs. Norman Evans & Rais, Ltd.
P a p a in , white E. African powder, supplied by Messrs. Biddle 
Sawyer & Co. Ltd. ’
A 0-080% mould protease extract reduced the viscosity of a
6-7% gelatin solution, a t pH  6 - 6  and 40°C, from 50 to 25 C.P. in 
10 min. The same reduction was obtained with a 0-032% Gelatase 
solution at pH  6  -9. The optimum pH for these two enzymes on 
gelatin was about 7 • 1.
M e a s u r e m e n t  o f  W o o l  L o o s e n in g .
This was carried out either manually or by the Lennox depilation 
load (D.L.) method as described previously^. The D.L. corres­
ponding to wool loose enough for pulling in the fellmongery may 
vary considerably from one works to another, and probably, accord­
ing to other factors, within the same works. A  D.L. of 1 0  has 
been selected as a wool loose enough to pull in the majority of 
fellmongeries employing either the sweating or painting process.
IV . RESULTS.
(i) M a in t a in a n c e  o f  B a c t e r io s t a t ic  C o n d it io n s .
The first difficulty encountered was that of arresting bacterial 
growth during the incubation period. The Wallerstein patent<6) 
recommends formaldehyde, furfural and pine oil, separately or in
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combination, for unhairing hides in a bath, but these were found 
unsatisfactory. A  number of antiseptics were tested for their 
ability to prevent hair slip and putrefaction without inactivating 
the enzymes. The results are recorded in Table I. Nercolan D
T a b l e  I.
T e s t s  W i t h  V a r io u s  A n t is e p t i c s  f o r  U s e  i n  E n z y m e  D e w o o l l in g .
Liquor ratio, 11 : 1; temperature, 37°
W— W ool slightly loose
WW— W ool fairly or very loose
O— Putrefactive odour
Antiseptic Concn.
%
No enzym e
2 3 
days days
1% Gelatase
2 3
days days
0 -2 % 
Papain  
2 3 
days days
Form aldehyde 0 0 5
0-2
Furfural 0 0 5 W w o
0-2 — ' W
Nercolan D* 0-1 — — WW
0-2 — — — WW —  —
0-5 — — — WW —  —
Nercolan Q* 0 1 WO w o
0-2 WO w o
0-5 — —
Chlorinated
xylenol 1/10 satd. WO
i  satd. W
Spdium azide 0 0 1 — — W W W — W
0 0 5 -— — WW —  —  .
Zinc chloride 0-05 — — •— WW —  —
0-2
Sodium  fluoride 0-5 W w
Sodium  silico- 1 0 ____ w
fluoride (neutra­ 0-2 — w
lised) 0-6 — w
* Commercial products manufactured by Messrs. Norm an Evans & Rais 
and com posed of a substituted phenol plus em ulsifying agent. Nercolan  
D  is based on cresylic acid and Nercolan Q on dichlor-m-xylenol.
and sodium azide were chosen for further study. Their ability to 
check bacterial growth in a liquor is greatest when they are used 
in combination (Table II). A  mixture of Nercolan D (0-2%) and 
sodium azide (0 01%) was found adequate. Neither affected the 
proteolytic activity of 1 % extracts of mould bran or Gelatase at 
concentrations of 0 2% and 0 05% respectively at room 
temperature.
(ii) I m m e r s io n  o f  S k in  in  G e l a t a s e  S o l u t i o n .
In all the following experiments a liquor ratio of 11:1 was used
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Table II.
I n f l u e n c e  o f  N e r c o l a n  D  a n d  S o d i u m  A z i d e  o n  t h e  B a c t e r ia l  C o u n t  
o n  I n c u b a t i n g  S k i n  i n  E n z y m e  S o l u t i o n .
Liquor ratio, 11 : 1; enzyme, 1% Gelatase; temperature 30 °C.
Tim e  
(days)
Bacteria per m l.
0-2%  
Nercolan D 0-05% N aN 3
0-2%  
Nercolan D 
0-05% N aN s
0 2,000,000 3,200,000 1,000,000
1 46,000,000 . 3,100,000 1,900,000
2 660,000,000 130,000,000 5,300,000
Table III.
I n f l u e n c e  o f  E n z y m e  C o n c e n t r a t i o n  o n  R a t e  o f  D e w o o l l i n g . 
Temperature, 22-5 °C; enzym e, Gelatase; liquor ratio, 11 : 1.
E xpt.
Enzm ye
concn.
%
D.L. after
0 day 1 day 2 days 3 days
1 0 1 18 11 10 6-2
0-33 18 7-5 4-9 3-2
1-0 18 5-9 1-5 1 0
2 1 0 54 22 1-9
2 0 54 7 1-3
4-0 54 6 0-8
and the enzyme solution contained 0 2% Nercolan D and 0 01% 
sodium azide.
Variation o f enzyme concentration. Increased enzyme concen­
tration over the range 0 1-4 0% resulted in increased speed of 
wool loosening (Table III).
Variation o f temperature. The rate of wool loosening increased 
with temperature over the range 23-37°C (Table IV).
Variation o f pH. The pH  of a freshly prepared Gelatase solu­
tion was 7-7, which dropped to 6*3 on addition of 0-2%  Nercolan 
D. Skin pieces were immersed in 1% solutions adjusted to 6  3,
7-3 and 8-3, the last buffered with 0 1 %  sodium bicarbonate. 
Over the course of two days at 30 °C, the pH of all solutions 
remained almost steady and there were no differences in the rate of 
wool loosening.
Pretreatment of skins with various reagents. After soaking back, 
the dried skins were soaked a further 24 h in the following 
solutions;
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Table IV.
I n f l u e n c e  o f  T e m p e r a t u r e  o n  R a t e  o f  D e w o o l l i n g . 
Liquor ratio, 11 : 1.
Enzym e
Tem p.,
°C
D.L. after
0 day 1 day 2 days
1% G elatase 23 27 13 3-3
30 27 9-0 2 1
37 27 4-4 0-7
1-6% m ould proteinase 23 40 9-3 3-4
+  6% N aa SO, 30 40 8-0 2-7
37 40 2-7 0-4
Ammonium nitrate, 1 • Om .
Lithium chloride, 1 0 m .
Potassium thiocyanate, 1 0 m , (also soaked for 2 days).
Calcium chloride, 2 0 m , (soaked for 2 days).
Sodium sulphite, 0  01,  0 - 1  and 1 0 m .
Sodium bisulphite, 0  0 1,  0 - 1  and 1 - 0 m , (plus 3 %  sodium 
chloride).
Hydroquinone, 0 - 0 0 5 ,  0 - 0 5 ,  0 - 5 m .
Formic acid, 0  1m .
Lactic acid, 0 1 m .
After washing for several hours in running water, followed in the 
case of the bisulphite- and acid-treated skins by a further hour’s 
soaking in 1 % sodium bicarbonate solution, the skins were 
immersed in Gelatase solution. In no case did the pretreatment 
cause any wool loosening,, nor was the enzyme action speeded up 
compared with an untreated control.
Addition of reducing agents. The addition of 5 - 7 %  ( 0 - 4 5 m ) 
sodium sulphite (the optimum concentration for activating mould 
protease (see below)) to 1-0% Gelatase produced only a negligible 
increase in rate of wool loosening.
(iii) Immersion of Skin in Papain Solution.
In considering the use of papain for dewoolling, a number of 
points have to  be borne in mind: the optimum temperature for 
papain activity is about 60-65 °C; wool damage will occur if a 
reducing activator is present (even if painted on, the flank wool is 
liable to be contaminated); it is very expensive; no suitable antiseptic 
for use with it has yet been found. Papain is likely to be of practical 
value only if it will unhair rapidly at temperatures below 40 °C, 
at low concentrations, and without a reducing activator.
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Sodium azide is without inhibitory action on papain. A 0-2% 
solution of papain activated with 0 -6 % sodium chloride in the 
presence of 0 • 01 % and 0 ■ 05 % sodium azide would not completely 
loosen wool in two days at 37°C. The lower level of azide resulted 
in a looser wool, indicating that bacterial action was participating. 
The fact that inadequate wool loosening was achieved even with 
some bacterial assistance rules out the practical use of papain.
(iv) Immersion of Skin in Mould Protease Solution.
Extracts of the mould bran were prepared in water or sodium 
sulphite solution at pH  7. After standing for two hours with 
occasional stirring the bran was filtered off and 0-2%  Nercolan D 
and 0-01% sodium azide added to the liquor. Addition of the 
Nercolan D before extraction resulted in appreciable losses by 
adsorption on the bran.
Variation of enzyme concentration. The effect of enzyme con­
centration was not examined systematically but the indications 
from several experiments were that wool loosening was accelerated 
by increased enzyme.
Variation o f temperature. There was a slight increase in the rate 
of wool loosening at temperatures from 23° to 30°C, and a some­
what greater increase at 30° to 37°C (Table IV).
Variation o f sulphite has a pronounced activating effect. The 
optimum concentration was between 3 and 6 %.
Influence o f miscellaneous additions. Sodium nitrite, sodium 
- nitrate, sodium chloride, and ammonium chloride all had a slight 
activating effect when present in about 3% concentration, but their 
effect was considerably less than that of sodium sulphite. Sodium 
sulphate, up to 3 %, had no influence on the rate of unhairing.
CO NC LUSIO N S.
The results reported are of theoretical interest only, for as 
pointed out above it is not a practical proposition to dewool sheep­
skins by a bath process, but they are directly applicable to other 
types of skin. Preliminary work has shown that other types of 
dried, wet-salted, and fresh skins can be unhaired by methods 
’ similar to that described here, and, in fact, no material has been 
found as difficult to unhair as a sun-dried sheepskin.
The application of a painting method to wool sheepskin requires 
changes in enzyme and antiseptic concentrations, and' choice of 
a suitable paint thickener, though the basic principles remain the 
same.
One aspect, that is, the application of mechanical action, has 
not been dealt with here. Mechanical action, by helping to drive 
the enzyme into the skin instead of relying solely on diffusion,
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greatly reduces the time taken for the enzyme to penetrate to the
hair roots and consequently the duration of the unhairing process.
The main results from this work may be summarised as follows:
1. A number of disinfectants have been investigated for enzyme 
dewoolling in neutral solution. The most satisfactory for use 
with bacterial and mould proteases has been found to be a 
mixture of cresylic acid (0 -2 %) and sodium azide ( 0  0 1 %).
2. The rate of dewoolling with bacterial and mould proteases 
increases with enzyme concentration and temperature (maxi­
mum tested, 37° C).
3. Mould protease is activated by a number of salts of which 
sodium sulphite has been found the most effective.
4. Papain is unsatisfactory for dewoolling at economical concen­
trations and no suitable disinfectant has been found.
5. Pretreatment of sun-dried sheepskin with various salts, acids 
and reducing agents failed to accelerate enzyme dewoolling.
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E nzym ic D ew oolling of Sheepskins— II. 
The Solubilisation of Skin Proteins 
During Dewoolling.
B y G . H . G reen
SYNO PSIS.
The nitrogen solubilised from  sheepskin during enzyme 
dewoolling, both without and with alkali pre-swelling, 
amounts to about 30% of the total skin nitrogen, and is of 
the same order as is lost during sweating. The figure is 
increased by unduly prolonging the action o f the enzyme 
beyond that required to achieve maximum loosening o f  
the wool.
Shrinkage temperatures cannot be measured on enzyme- 
treated pelt as the adsorbed enzym e degrades the collagen  
the m om ent it is thermally denatured. The conclusion of 
Thaureaux and of G ustavson that treatment with proteo­
lytic enzym es renders skin soluble in water above the 
shrinkage temperature is invalid for the same reason.
CO NTEN TS.
IN T R O D U C T IO N .
I. M A T E R IA L S A N D  M ETHO DS, 
n. RESULTS A N D  DISCU SSIO N.
(i) Shrinkage Temperature o f Enzyme-Treated Pelt.
(ii) Skin Solubilisation during Enzym e D ew oolling.
(iii) Skin Solubilisation during Alkali Pre-Swelling follow ed by 
Enzym e D ew oolling.
SU M M A R Y  A N D  CO NC LUSIO N S.
IN T R O D U C T IO N .
I ll Part I (1> were: described methods for dewoolling sheepskin 
using bacterial and mould proteases. Before engaging on trials with 
whole skins it was considered useful to know how the type of 
enzyme and operating conditions, in particular the temperature, 
affected the solubilisation of skin proteins, and to compare the 
extent of solubilisation with that obtained using other, established,
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biological processes of dewoolling or unhairing, namely, enzyme 
depilation following an alkali pre-swelling (Arazyme or Epilol 
process), and sweating. Recent work by Thaureaux(2) and Gustav- 
son(3) suggested that when native collagen is treated with trypsin 
it slowly undergoes some change which renders it soluble in water 
above the shrinkage temperature. The product resembles gelatin 
but is not identical. Just as prolonged liming results in a steady 
increase in gelatin formation and deterioration in the quality of 
leather made from a hide or skin (i.e., beyond the optimum 
required for opening up the fibres to facilitate tan penetration and 
provide suppleness to the leather), so it is conceivable that over­
treatment with enzyme will have a similar deleterious effect. A 
further change with duration of liming is the fall in shrinkage tem­
perature of the skinl4). The object of the present work was to follow 
the solubilisation of skin substance during enzyme treatment and 
the effect on the shrinkage temperature.
In a second paper, Gustavson'5’ reported that trypsin had an 
even greater solubilisation action on neutral limed pelt than on raw 
skin. As the Arazyme (Epilol) process for unhairing goatskins in­
volves a preliminary alkali swelling and neutralisation before 
enzyme treatment, it was of interest to compare protein breakdown 
occurring by this method and one not involving alkali pre-swelling.
Preliminary work with skin immersed in a solution of bacterial 
protease indicated that a substantial amount of protein was dis­
solved in the enzyme bath in addition to that extracted with hot 
water. For convenience the material soluble below the shrinkage 
temperature is called “cold water soluble” (C.W.Sol.), and that 
above, “hot water soluble” (H.W.Sol.) without presupposing their 
identity.
I. M A T E R IA L S A N D  M ETH O DS.
S k i n .
A dried New Zealand fine-woolled, crossbred, sheepskin was 
used throughout this work. Only the central area, excluding a 
2 in. strip down the backbone, was used. The wool was clipped as 
closely as possible, the skin soaked for 24 h  in tap  water at approx. 
2 0 °C and “broken over” by flexing several times over the edge of 
a glass plate. The flesh surface was free from fat and subcutaneous 
tissue.
E n z y m e s .
i. Gelatase 20x, a bacterial protease from Bacillus subtilis mixed 
with sodium sulphate, supplied by Norman Evans & Rais, Ltd.
ii. Mould bran extract from a culture of Aspergillus fktvus-oryzae 
on bran, supplied by Dr. F. Lennox, C.S.I.R.O. Australia.
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Enzyme Dewoolling without Alkali Swelling.
The skin was cut into 1 in. squares and soaked a further 2 h in 
fresh water. Three squares were retained as controls, and the 
remainder immersed in enzyme solution at the required tempera­
ture, the volume being maintained at 2 0  ml. per 1 in. square 
throughout the experiment. Samples of enzyme liquor and skin 
squares (each in triplicate) were withdrawn initially and after 1 , 
2, and 3 days’ incubation. Nercolan D* (0-2% ) and sodium azide 
(0  0 1 %) were incorporated in the enzyme liquor as antiseptics.
Enzyme Dewoolling with Alkali Pre-swelling.
Three 1 in. squares were removed and reserved for deter­
mination of solubles and the remaining piece immersed in 12-5 
volumes of 0 05n sodium hydroxide for 24 h, the concentration 
raised to 0- I n  and left a further 24 h, with occasional stirring. The 
alkaline liquor and four water washings were filtered through glass 
wool, and aliquots taken for nitrogen determination. The skin was 
immersed in water containing 1 0 % (based on dry skin weight) 
sodium bicarbonate at 24 °C for 1 h with occasional stirring, and 
total nitrogen determined on the liquor. The skin was divided into 
1 in. squares, three being taken for determination of solubles and 
the others immersed in enzyme/antiseptic solution including 
0 17% sodium bicarbonate (volume as above) and incubated at 
30°C. The initial pH of the enzyme liquor was 7-3, rising to 8-3 
within 16 h. In one experiment a similar procedure was followed 
on the wool clipped from the skin, the pH change being identical. 
In one case an adjacent piece of skin with the wool left on was put 
through the process simultaneously in separate solutions and wool 
loosening followed by depilation load measurements (see Part I, 
Experimental).
Cold-Water-Solubles .
This fraction comprises material solubilised by the enzyme plus 
that extracted subsequently by cold water. The skin squares 
removed from the enzyme liquor and rinsed with water still re­
tained an appreciable amount of soluble material. Soaking in two 
changes of water for 2 h  removed most of this but not all. After 
various trials, the method adopted was to squeeze the liquor out of 
the skin in a small nickel dish using a glass rod flattened at one 
end. The skin square was placed in about 5 ml. water to rehydrate 
and the squeezing repeated. The rehydration and squeezing were 
repeated once more. The material so extracted was determined 
separately and added to that found in the enzyme liquor.
* A  proprietary material based on cresylic acid p lu s  an em ulsifying agent.
115
ENZYMIC DEWOOLLING— II
Hot-Water-Solubles.
The squeezed skin squares were separately placed in 25 ml. dis­
tilled water in a 30 ml. wide-necked stoppered bottle standing in 
a thermostat bath and held for a predetermined time. The contents 
of the bottles were swirled by hand at 5 min intervals. The residual 
skin was removed by forceps, and the extract filtered hot through 
glass wool to remove traces of detached wool, if any.
Preliminary experiments at 70° C showed that beyond \  h the 
amount of material extracted increased only very slowly, so \  h 
was chosen as the standard time. Temperature had marked effect 
on the amount extracted, being substantially more at 70°C than 
75 °C, and a minimum at 100°C. The procedure finally adopted 
was to immerse the skin in water at 100°C for 5 min and cool to 
70° C for a further 25 min.
Expression of R esults.
At the beginning of this work, total solids determinations (heat­
ing overnight at 105°) were used to estimate C.W.Sol., H.W.Sol. 
material, and residue. Later on, nitrogen determinations (converted 
to protein by the factor 5 ■ 65) by Kjeldahl were substituted in the 
case of the solubles. Any free ammonia produced by deamination 
would on conversion to protein introduce an error in the loss of 
skin substances. However, a separate ammonia determination in 
one experiment showed that the amount present was insignificant 
compared with the non-ammoniacal nitrogen. The total solids or 
nitrogen content of the enzyme solution has been allowed for in 
calculating the C.W.Sol. material.
Where total solids were determined, the results have been ex­
pressed as percentages of the total material recovered (C.W.Sol. -f 
H.W.Sol. +  residue). The total recovery was within experimental 
error of that based on the original skin weight. When nitrogen was 
determined, however, the extraction of appreciable amounts of fat 
in both the C.W.Sol. and H.W.Sol. fractions led to low recoveries 
by this method of calculation, hence percentages of extracts are 
all based on original skin weights, and have in some cases been 
corrected to a fat-free basis.
However close the wool was clipped, a significant amount 
remained attached to the pelt. The dry weight of 1 sq. in. of pelt 
was about 0-2 g and the attached wool residue about 0-1 g. The 
weight of wool residue was determined by pulling it out after 
enzyme treatment of the skin, weighing it separately, and using 
an average weight from three or more skin squares to correct the 
weights of skin residues from earlier stages where the wool was not 
loose enough to pull.
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Shrinkage Temperatures.
These were measured in m / 1 0 0  phosphate buffer (pH 7  4 )  o n  
pieces of pelt 4 in. x \  in. under a load of 5 g, with a rate o f  
heating of 0-5°C  per min.
n . RESULTS AND DISCUSSION.
(i) Shrinkage Temperature of Enzyme-Treated Pelt.
Attempts to determine the shrinkage temperature of enzyme- 
dewoolled sheepskin gave doubtful results. I t was impossible to 
wash out all the enzyme from the pelt, nor was any means known 
of inactivating the enzyme in situ which would not affect the shrink­
age temperature. As heat denaturation and shrinkage commenced, 
this was counteracted by proteolysis of the denatured collagen, 
so that as the shrinkage temperature approached, the pelt tended to 
stretch rather than contract. A similar phenomenon was observed 
with sweated sheepskin'6). Figures in the literature for shrinkage 
temperature of bated skins must be regarded with suspicion.
(ii) Skin Solubilisation during Enzyme Dewoolling.
In Table I  are given figures for the solubilised material for skin 
treated with Gelatase at three temperatures over the course of 3 
days. Those based on solids determination are substantially higher 
than those based on nitrogen, indicating that substantial amounts 
of fat are rendered soluble, particularly in hot water. This is with­
out doubt due to digestion of the fat cells and is confirmed by 
microscopical evidence (Part III). In Table II the previous results 
based on nitrogen determinations have been recalculated to a fat- 
free basis and compared with figures based on total solids deter-
Table I.
S o l u b i l i s a t i o n  o f  S h e e p s k i n  d u r i n g  E n z y m e  D e w o o l l i n g .
Enzym e liquor: Gelatase, 1%; Nercolan D , 0-2%; sodium azide, 001%  
Liquor ra tio : 20 ml. per sq. in. pelt.
Results expressed as percentages o f pelt, dry basis.
Temp.,
°c
M ethod  
of deter­
m ination
Period of incubation, lays
C. W. soluble H. W. soluble C .W .+ H .W . solu.
0 1 2 3 0 1 2 3 0 1 2 3
23 ' Total < 0 -5 14 27 34 7 9 14 16 7 23 41 50
30 solids < 0 -5 24 32 33 7 9 12 20 7 33 44 53
37 < 0 -5 29 37 37 7 11 13 18 7 40 50 55
23 Nitrogen 1 10 15 18 1 4 4 4 2 14 19 22
30 X 5 65 < 0 -5 13 21 24 2 6 8 9 2 19 29 33
37 1 15 22 26 2 4 3 6 3 19 25 32
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T a b l e  II.
R e s u l t s  o f  T a b l e  I  ( N it r o g e n  D e t e r m in a t io n )  R e c a l c u l a t e d  t o  F a t - 
F r e e  B a s i s  C o m p a r e d  w i t h  E n z y m e - T r e a t e d  D e f a t t e d  S h e e p s k i n .
W hether
defatted
Temp.,
°c
Period o f incubation, days
C. W. soluble H . W. soluble C .W .+ H .W . solu.
0 1 2 3 0 1 2 3 0 1 2 3
No 23 1 15 22 26 2 6 6 6 3 21 28 32
30 1 19 30 35 2 9 12 13 3 28 42 48
37 1 22 32 38 3 6 4 9 4 28 36 47
Yes 30 1 19 27 38 < 0 -5 3 8 9 1 22 35 47
mination on a defatted piece of skin.* The good agreement between 
the two sets of figures for enzyme treatment at 30 °C adds further 
support to the previous evidence of breakdown of the fat cells by 
enzyme action. Actually, hot water will remove an appreciable 
amount of fat from an untreated skin (see Table I, H.W.Sol. figures 
at 0 days). Control experiments with wool showed negligible 
solubilisation by the enzyme, so that no corrections were necessary 
for residual wool on the pelt.
C.W.Sol. material showed a progressive increase with duration of 
treatment, and the rate of increase was greater the higher the tem ­
perature, particularly over the first day. The rate of wool loosening 
showed a similar increase with increase in temperature (see Part I), 
and the C.W.Sol. material produced by the time the wool was 
sufficiently loose for pulling (depilation lo ad =  1 -0 ) was more or less 
independent of the temperature, amounting to about 30%, fat-free 
basis.
The progress of skin solubilisation by mould bran protease 
followed much the same course (Table III). A t 30° C the depilation 
load fell to 1 0  in 2  days, by which time 26% of the pelt protein 
had become soluble in cold water.
It is apparent from the nitrogen figures in Table I and the fat- 
free basis figures of Table II that an appreciable amount of colla­
gen has been “modified”, i.e., rendered soluble in hot water. It 
would appear, however, that the “modified” collagen of Thaureaux 
and Gustavson is an artefact and consisted partly of material which 
they failed to extract with cold water and partly of collagen broken 
down by absorbed enzyme after thermal denaturation, since the 
amount remains substantially constant after the first day, and it is 
reduced by increasing severity of heat treatment (see Experimental).
* D efatting was carried out by standing the skin two days in acetone with  
one change, fo llow ed by benzene Soxhlet extraction for 24 hours.
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T a b l e  III.
S o l u b i l i s a t i o n  o f  S h e e p s k i n  d u r i n g  E n z y m e  D e w o o l l i n g .
Enzyme liquor : M ould bran extract, 1 • 6 %; sodium sulphite, 
6 %; Nercolan D , 0 - 2 %;  sodium azide, 
0-01% ; pH 7— 7-5.
Liquor ra tio : 20 ml. per sq. in. pelt.
Temperature: 30 °C
Period of incubation, days C. W. soluble, % (dry, fat-free basis)
0 0
1 17
2 26
8 29
Incomplete expression of enzyme, lower temperatures of heating, 
large pieces of skins, and high water contents of the skin will all 
tend to increase this degradation. The higher proportion of 
H.W.Sol. material obtained by Gustavson(5) from limed collagen 
may well be due to increased penetration of the enzyme between 
the collagen fibrils, due to splitting up of the fibres during liming. 
Neuman and Tytell(7) and Deasy(8> also reached the conclusion that 
collagen solubilisation was due to residual protease. Eling and 
Lollar<9) found bated skins to be appreciably soluble in hot water 
but were unable to decide whether this was due to residual enzyme.
( i ii)  S k in  S o l u b il is a t io n  d u r in g  A l k a l i P r e -s w e l l in g  f o l l o w e d  
b y  E n z y m e  D e w o o l l in g .
The results of two experiments in which the skin was swollen 
with alkali and neutralised prior to enzyme treatment are recorded 
in Table IV. By this method the time required to produce com­
pleted wool loosening with 0-2% Gelatase at 30°C was less than 
24 h, as compared with 2-3 days with 1% enzyme without pre­
swelling. In both cases, however, the total amount of skin solubilisa­
tion was of the order of 30%. With alkali pre-swelling about half of 
this dissolved in the alkali and half in the enzyme bath. This ratio 
can be varied by altering the duration of the alkali treatment, a 
longer treatment resulting in progressively more skin substance 
dissolving in the alkali, and presumably less prolonged enzyme 
treatment will be required to loosen the wool. Tables V and VI 
give the effect of alkali treatment on skin solubilisation and show 
that substantially less material is dissolved from a flesh split than 
from the whole skin, presumably because the grain layer is rich 
in alkali-labile fibroblasts, epithelial cells, and keratinous material. 
As with the unswollen skins, prolongation of the enzyme treatment 
beyond that required to loosen the wool results in a progressive
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T a b l e  IV.
S o l u b il is a t io n  o f  S h e e p s k in  d u r in g  A l k a l i P r e -S w e l l in g , f o l l o w e d  by  
E n z y m e  D e w o o l l in g
N aO H , 0 -I n
Enzym e liquor: Gelatase, 0-2%; Nercolan D, 0-2%; sodium azide, 0-01%;
sodium bicarbonate, 0 17%.
Liquor ratio: 20 ml. per sq. in. pelt.
Temperature: 30°C
Figures based on nitrogen determination, fat-free, wool-free basis.
E xpt, M aterial C. W.
soluble, %
H . W.
soluble, %
C .W .+H .W . 
soluble, %
Skin after soak ing ................
Sk in  after sw ellin g  and neutralising
Skin N aO H  extract*
Sk in  NaH CO , extract ...
Skin after 16 h in  enzym e
Total
Skin N aO H +N aH C O s extracts*  
Skin  after 16 h in enzym e
Total .............
Skin after 2 days in enzym e  
Skin after 3 days in  enzym e
1.6
1 1
14-0
1-2
13-4
2-3
2-5
4-9
3-9
3-6
18-3
28-6
15-9
15-4
31-3
20-0
21-8
* Corrected for nitrogen extracted from  the residual w ool as determined by 
a separate experiment on shorn w ool (2 -6 % on wool-free pelt).
T a b l e  V.
R a t e  o f  S o l u b i l i s a t i o n  o f  S h e e p s k in  b y  A l k a l i .
W hole skin: 5 sq. in. in 26 ml. OTn N aO H  
Flesh splits: 5 sq. in. in 12-5 ml. OTn  N aO H
Temperature: 2 0 °C
M aterial
Tim e,
days
N itrogen extracted , %
Per day Total
W hole skin* .... 1 16-9 16-9
2 6-2 2 3 1
. 3 2-5 25-6
6 1-7 30-6
F lesh  sp lit 1 12-7 12-7
2 1-6 15-3
3 1-2 16-5
6 0-9 19-2
* W ool-free basis and corrected for nitrogen 
dissolved from  residual wool.
120
GREEN
T a b l e  VI.
y
S o l u b il is a t io n  o f  S h e e p s k in  b y  A l k a l i a n d  E n z y m e : 
V a r ia t io n  w it h  L e n g t h  o f  T r e a t m e n t .
A lkali: 0-1n  NaO H .
Enzym e: Gelatase, 02 %;  Nercolan D , 0.2%; sodium azide, 0-01%. 
Temperature o f enzym e bath, 30°C
Tim e in  
alkali, 
days
Tim e in  
enzym e, • 
days
% sk in  nitrogen  
dissolved by
Alkali Enzym e Total
1 1 18-6 13-2 31-8
2 18-6 18-6 37-2
6 1 26-0 11-3 37-3
2 26-0 14-2 40-2
(Figures on a wool-free basis)
increase in solubilisation of the skin protein (see also Table IV, 
Expt. 2).
A  study of the loss of nitrogen during enzyme unhairing of 
alkali-pre-swollen calfskin was made by A btuo), who found 2-5% 
of the skin nitrogen to be dissolved and no more dissolved even up 
to 72 h beyond this period. Similar results are reported for other 
skins but no figures are quoted. Abt concluded: “It seems . . . the 
quantity of nitrogen solubilised does not rise appreciably above 
that which could be furnished by the epithelial cells of the skin 
which are completely dissolved”. It is unfortunate that Abt did 
not determine the material dissolved in alkali, which would have 
rendered the work more valuable and enabled a better comparison 
with present work. Turley and M orse(11) also investigated the 
Arazyme process and analysed the various types of nitrogenous 
compounds lost from goatskin at the various stages of the process. 
Their results, recalculated to make them comparable with the pre­
sent ones, were as follows:
Nitrogen extracted at each stage, 
Stage as % of total N  extracted.
N aO H  extract
NaHCOa extract
Enzyme extract
Puer extract
54-5
17-5
72
17-5
10-5
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An actual works pack of skins was used, and the large amount of 
nitrogen in the bicarbonate extract is doubtless due to the water 
wash being omitted after the akali treatment. In addition, the 
nitrogen extracted by alkali is too high by an unknown factor, as 
no correction was made for the nitrogen dissolved from the hair. 
Nevertheless, Turley and Morse concluded that the small loss in 
the enzyme stage means that enzyme action involves merely the 
partial hydrolysis of the proteins binding the hair and epidermis 
to the unde/lying connective tissue.
Some support for A bt’s conclusion that epithelial cells are dis­
solved by the enzyme has been obtained from microscopical 
evidence (see Part III). Enzymatic hydrolysis of epidermal protein 
was indicated in the following experiment in which the nitrogen 
dissolved from a flesh split was compared with that from whole 
skin under conditions adequate for complete wool loosening. The 
pelt after soaking back and stretching was split to give a flesh split 
containing no grain. Portions were treated with enzyme without and 
with pre-swelling, and the results are given in Table VII. They con-
T a b l e  VII.
C o m p a r i s o n  o f  t h e  S o l u b i l i s a t i o n  o f  W h o l e  T h i c k n e s s  a n d  F l e s h  
S p l i t  o f  S h e e p s k i n  b y  A l k a l i  a n d  E n z y m e .
A lkali: OTn  N aO H
Enzym e: unswollen skin: Gelatase, 1%; 2 days at 37 6C
swollen skin: Gelatase, 0-2%; 1 day at30°C
Antiseptics: N ercolan D , 0-2%; sodium azide, 0-01%.
M aterial W hether
sw ollen
% sk in  nitrogen  
dissolved by
A lkali Enzym e Total
W hole skin* .............. ... N o — 32 32
Y es 16 15 31
F lesh  sp lit No — . 19 19
Yes 16 7 23
* Figures corrected for residual w ool.
firm previous findings that with whole skin both methods result in 
the same nitrogen loss, and that the loss in alkali is the same for 
both whole skin and flesh split, and in addition show that much 
more nitrogen is dissolved by the enzyme from the whole skin, 
i.e., corium plus grain layers, than from a flesh split, i.e., the 
corium only.
122
GREEN
SU M M A R Y  A N D  CO NCLUSIONS.
It has been found impossible to determine the shrinkage tem­
perature of an enzyme-treated skin as residual enzyme cannot be 
washed out or inactivated. This absorbed enzyme degrades the 
collagen as soon as it is thermally denatured and before it is itself 
inactivated. For the same reason, the amount of skin rendered 
soluble in water above the shrinkage temperature has no signi­
ficance, and the conclusion reached by Thaureaux and by Gustav- 
son that treatment with proteolytic enzymes renders collagen 
soluble in hot water is considered invalid.
The amount of nitrogen soluble in water from sheepskin de- 
woolled with enzyme, either direct or after a preliminary alkali 
swelling, is the same and is of the order of 30%. This is the 
amount solubilised in achieving maximum wool loosening, though 
this figure is increased by prolonging the enzyme treatment. The 
same figure of 30% has been obtained from skin dewoolled by the 
sweating process.
The proportion of nitrogen dissolved by the alkali depends on 
the length of treatment, there being a rapid loss during the first 
day, after which it falls off rapidly. Prolonged alkali treatment 
makes the skin more susceptible to enzyme attack. The results 
support the conclusions of Turley and Morse that hair loosening 
by enzyme involves merely the partial hydrolysis of proteins bind­
ing the hair and epidermis to the underlying connective tissue. 
Before the enzyme can penetrate to these proteins, a considerable 
proportion of interfibrillary matter has to be broken down, which 
can be accomplished by means of alkaline or enzyme treatment.
N o t e  a d d e d  in  p r o o f .  Collagen determinations on sheepskin, 
based on assay of hydroxyproline, have indicated that only 55% 
of the pelt nitrogen is collagen nitrogen. It seems unlikely, there­
fore, that an appreciable amount of collagen is solubilised during 
the course of enzyme dewoolling.
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Enzyme Unhairing— III. Histological Investigations.
By G. H . G reen  and  B. M . H aines.
SYNOPSIS.
Hair loosening and associated changes occurring in skin 
treated with proteolytic enzyme (Bacil lus subti l is  protease) 
have been follow ed by histological examination o f skin 
sections. Raw skins and skins given a pre-swelling in 
sodium  hydroxide solution have been compared. With 
raw skin, the enzyme penetrates solely from the flesh 
surface and the hair loosens before the epidermis. With 
pre-swollen skins there were no signs that the alkali had 
attacked the epidermis, but the epidermis lifted before the 
hair roots became detached; also, the keratinised layers 
were attacked before the basal cells, thus confirming, pre­
vious evidence that proteolytic enzymes can penetrate 
alkali-treated epidermis, which accounts for the more 
rapid unhairing achieved with alkali-pre-swollen as com ­
pared with raw skin.
CO NTENTS.
IN T R O D U C T IO N .
I. M ATERIALS.
II. M ETH O DS.
(i) Preliminary Experiment.
(ii) M ain Experiment. 
DISCU SSIO N A N D  CO NC LUSIO N S.
IN T R O D U C T IO N .
The difficulties encountered in enzyme unhairing appeared to be 
due to the slow rate of penetration of the enzyme through the skin, 
and the impermeability and resistance of the epidermis to enzyme 
attack (Part IV (1)). Both difficulties could be overcome by swelling 
the skin in acid or alkali and neutralising before treating with 
enzyme. It is not known what is the precise influence of this pre­
swelling in terms of the mechanism of hair loosening. Permeability 
experiments had shown(1) that swelling results in an increase in 
permeability of the skin as a whole, and that the epidermis is 
rendered permeable to enzymes, suggesting that the epidermis has 
been disrupted.
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The aim of the present work was two-fold; firstly, to gain insight 
into the mechanism of hair loosening by enzyme action, and 
secondly to compare the mechanisms of hair loosening without and 
with pre-swelling of the skin. Few histological examinations of 
enzyme-unhaired skins have been reported. Early work at the 
Research Association'2* on the unhairing of sun-dried goat skin 
in 0-2% pancreatin at pH 8 under toluene in 14 days had shown 
destruction of elastin, opening up of the general structure, and no 
appreciable digestion of the collagen. A bt(3) examined sections of 
calf skin unhaired with mould proteinase after a preliminary alkali 
swelling, the appearance being of well-bated skins with the elastin 
fibres partially broken or digested. Neither work was concerned 
with the mechanism of the unhairing action.
Two experiments were carried out. The first was of a preliminary 
nature and concerned only with no pre-swelling, for which purpose 
wool sheep skins were employed. For the second and main experi­
ment, hair sheep were chosen for a more detailed examination of 
unhairing with and without pre-swelling, firstly because the follicles 
are much straighter, thereby facilitating observation, and secondly 
because the pelt is stronger and better able to withstand the severe 
alkali swelling.
I. M ATERIALS.
Sheep Skins.
Preliminary experim ent: Dried New Zealand crossbreds.
Main experim ent: Sun-dried Addis Ababa hair sheep.
Enzyme.
Gelatase 20X, a bacterial protease consisting of a culture of 
Bacillus subtilis dried with sodium sulphate, supplied by Norman 
Evans & Rais, Ltd.
II. M ETH O DS.
(i) Preliminary Experiment.
Pieces 18\  in. X 4 in. were cut from two skins, the long side 
parallel with and 2 in. from the backbone, and the short side 4 in. 
from the britch. A 4 in. X l \  in. piece was removed from each, 
and the remainder soaked in 1250% tap water at 20°C for 1 day, 
stretched by flexing under tension over the edge of a sheet of glass, 
and resoaked for a further day in the same volume of fresh water 
containing 0 • 1 % cresylic acid. Depilation loads (see Part I) were 
measured and 2 in. X 2 in. pieces removed from each skin. These 
and subsequent samples were reduced to \ \  in. X l \  in. to avoid 
any edge effect. Depilation loads were all measured on staples 
within a 2  in. strip of the skin which was not utilised for sampling. 
The skins were immersed in a solution of Gelatase (1-0%) and 
cresylic acid (0 -2 %) liquor ratio 1 2 ^ : 1  (on dry weight) at 30°C
72
G R E E N  AND H A IN E S
Depilation loads were measured after 1 and 2 days, and samples 
(2 in. X 2 in.) removed after 1, 2, and 3 days.
(ii) Main Experiment.
(a) Without pre-swelling.
Pieces 9 in. X 4 in. from three skins were cut from the butt 
region, 2 in. from the backbone. Each piece was cut into six smaller 
samples, which were then soaked as for the preliminary experiment 
except that the liquor ratio was 10:1, and the temperature 15 -5°C. 
The enzyme solution had the same composition, with the addition 
of 0-01% sodium azide. It was renewed daily, the volume being 
adjusted to give a liquor ratio of 10:1. Samples were taken after 
0, 6 , 23, 30, 48, and 72 h incubation at 30 °C.
(b) With alkaline swelling.
Similar pieces cut from the corresponding positions on the other 
side of the backbone were soaked back, immersed in 1 2 ^ times 
their dry weight, 0-2%  (n / 2 0 )  sodium hydroxide at 21 °C, stirred 
\  h in the morning, and again in the evening. After 24 h, the 
alkali concentration was raised to 0-4% (n / 1 0 )  and the stirring 
repeated morning and evening. After a total of 48 h in alkali, the 
skin pieces were washed in running water at 21 - 24°C for f  h and 
deplumped in water at 24 °C containing 8 % sodium bicarbonate 
(based on dry skin weight) with stirring for \  h. The samples were 
then immersed in enzyme solution (liquor ratio 1 0 : 1  based on dry 
weight) of the same composition as (a) at 30°C. Samples were 
taken after 0, \ \ ,  3, 4^, 6 , and 23 h incubation.
Histological Examination.
Samples were taken for microscopical examination in the raw 
state, after soaking, deplumping, and at the various stages dqring 
the Gelatase treatment. The samples required preliminary formalin 
fixation and embedding in gelatin to enable them to be cut 
satisfactorily on the freezing microtome. The fibre structure was 
examined from photomicrographs of frozen sections mounted in 
Farrants medium.
Frozen sections were stained with Azure A for bacteria, and 
Scarlet R  for fat. Paraffin sections were stained with Mayer’s 
haemalum and phloxine for cellular tissues, and Mallory’s haema- 
toxylin phosphotungstic acid for the fine structure of the epidermis.
Observations,
Bacteria.
The three raw skins were in an excellent state of preservation. 
There was no evidence of bacteria penetrating the skins prior to 
the enzyme treatment. In the case of the swollen skins bacteria 
began to penetrate the corium after 3 h in Gelatase, but had not 
penetrated through the full thickness of the skin until 23 h in
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a b
c d
F ig . 1.
The photomicrographs have been taken from paraffin sections stained with 
M ayer’s haem alum  and phloxine.
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Gelatase. In the non-swollen skins, penetration had begun by 6  h 
and was complete after 30 h in Gelatase.
Fibre Structure.
The preliminary formalin fixation of the samples would cause 
some shrinkage and consequently reduce the splitting up in all the 
samples.
The raw skins showed the usual unsplit fibres and compact 
weave of dried skins. The soaking brought about considerable 
opening up, particularly in the compact flesh layers. After swelling 
and subsequent deplumping the fibres still appeared somewhat 
plumped. After l \  h in Gelatase there was a further decrease in 
plumping of the fibres. There was a slight increase in the splitting 
up, a gradual increase in the separation of the fibres and a loosen­
ing of the weave with time in Gelatase solution.
The samples that had not been swollen prior to the Gelatase 
treatment showed a greater amount of fine splitting than the 
deplumped skins. The splitting up and separation of the fibres 
increased and the compactness of the weave decreased with time 
in Gelatase solution. During the longer periods of time, 2 - 3 days 
in Gelatase solution, bacterial action probably contributed to this 
large amount of opening up.
Cellular Tissues.
The structure of the epidermis consisted of four or five layers of 
cells interconnected by “tonofibrils” which were stained blue by 
Mallory’s haematoxylin phosphotungstic acid. These tonofibrils 
also penetrated the basal layer of cells, extending from the base of 
these cells into the dermis. Interlocking between these fibrils were 
the reticular fibrils of the dermal surface. This form of attachment 
of cellular tissues to the dermis extended to the hair follicle wall 
and hair root. I t was this junction of dermal and epidermal tissues 
that was of particular interest to this investigation.
The changes brought about by the enzyme treatments on the 
cellular tissues are given in Table I.
The swelling did not appear to loosen the epidermis or hair, 
although in two skins the cells appeared somewhat vesicular. The 
progress of cellular degeneration in the epidermis by the enzyme
F ig . 1.
a) 1 |  h Gelatase, with preliminary swelling. Basal layer of epidermis 
remaining attached to dermis, (X  260).
b) 24 h Gelatase, w ithout preliminary swelling. Epidermis lifted, basal 
layer broken down, ( X  260).
c) 3 h G elatase, with preliminary swelling. Basal layer of epidermis 
remaining attached to dermis. Hair root showing slight loosening, 
(X  95).
d) 2 days Gelatase, without preliminary swelling. Epidermis and hair 
lifted from  dermal tissues, (X  95).
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Table I.
G e n e r a l  H i s t o l o g ic a l  S t r u c t u r e  B e f o r e  a n d  D u r i n g  E n z y m e  T r e a t m e n t .
Sam ple Epiderm is Hair F ollicle  and H air Root
Other
Cellular
Structures
Raw  
1, 2, & 3.
Adherent, 
cells in very  
good condi­
tion, nuclei 
strongly  
basophilic.
Cells in very good condition, 
nuclei strongly basophilic, fo l­
lic les and root adherent to  
dermal tissues.
Fibroblasts 
and glandu­
lar tissues  
in  very good  
condition.
Soaked. 
1 & 2
Adherent, 
cells in very 
good condi­
tion, nuclei 
strongly  
basophilic.
Cells in very good condition, 
nuclei strongly basophilic, ad­
herent to dermal tissues.
Fibroblasts 
and glandu­
lar tissues  
in very good 
condition.
3 Adherent,
cells
som ewhat
vesicular.
Adherent to dermis.
Cells som ewhat granular in  
fo llic le  walls and hair root.
N o fibroblasts
observed,
glandular
tissue
som ewhat
degraded.
D eplum ped.
1
2
Adherent, 
cells in  
very good  
condition.
Adherent,
cells
vesicular.
\
Cells in very good condition, 
1 nuclei strongly  basophilic, 
f hair root and hair follicle  
walls adherent to derm is.
J
Fibroblasts 
and glandu­
lar tissues  
in very good  
condition.
N o fibro­
blasts, g lan ­
dular tissues 
som ewhat 
degraded.
3 Cells vesicu­
lar, in a few  
sm all regions 
epiderm is 
lias parted 
from dermis.
Cells som ewhat vesicular, but 
hair roots and follicle  walls still 
adherent to derm is.
N o fibro­
blasts, g lan­
dular tissues  
som ewhat 
degraded.
W ithout Prelim inary Sw elling.
G elatase, Adherent, Cells in  very good condition, Fibroblasts
6 h cells in very and hair root and fo llic le  walls present in
1, 2, 3. good condi­ adherent to dermis. grain layer
tion, nuclei only, glandu­
strongly lar tissues
basophilic. in very good
condition.
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Table I—continued.
Sam ple Epiderm is Hair Follicle  and Hair Root
Other
Cellular
Structures
.
W ithout Prelim inary Sw elling
G elatase, 
24 h 
1 & 2
Cells vesicu­
lar, basal 
layer of epi­
derm is rather 
broken down, 
and epiderm is 
lifting  in  
parts.
Outer sheath  of fo llic le-cells  
vesicular and parting from sur­
rounding dermis.
Cells of H u x ley ’s layer broken 
away from hair shaft. H air root 
cells vesicular and parting from  
the dermal tissues particularly 
at upper part of bulb.
No fibro­
blasts, glan­
dular tissues 
in fairly 
good condi­
tion, granu­
lar nuclei.
3 Adherent,
cells
som ewhat
vesicular.
H air root and follicle  wall still 
m ostly adherent to dermal t is­
sues, cells of hair root vesicular.
N o fibro­
blasts ; glan­
dular tissues, 
nuclei 
granular.
Gelatase, 
30 h 
1 & 2
Cells vesicu­
lar, epiderm is 
liftin g  over 
m ost of the 
surface in 1, 
in parts in  
2, basal layer 
cells rather 
broken down.
H air roots and hair follicle  
walls, cells vesicular, and part­
in g  from  dermis.
Cells of H u x ley ’s layer broken 
away from hair shaft.
N o fibro­
blasts, glan­
dular tissues 
rather 
degenerate.
- 3 Adherent for 
m uch of the 
surface, cells 
in fairly  
good condi­
tion, nuclei 
granular.
Cells of hair root, and follicle  
wall som ewhat vesicular.
F ollicle  wall adherent, hair 
roots parting from dermis.
N o fibro­
blasts, glan­
dular tissues 
nuclei only 
granular.
G elatase, 
2 days 
1 & 2
E piderm is 
com pletely  
lifted, surface 
of derm is 
free of ce llu ­
lar rem nants. 
K eratinous 
layers rem ain  
entangled  in  
the hair.
Cells of fo llicle  walls and hair 
roots, com pletely degraded : thin  
layer of cellular rem nants line 
fo llicles, a few vesicular cells 
at position of hair roots.
Fibroblasts 
and glandu­
lar tissue  
destroyed.
3 Epiderm is 
lifted  as a 
layer, cells 
m ainly vesi­
cular, but 
som e baso­
philic rem ­
nants stained, 
basal layer 
rather
broken down.
E'ollicle wall cells and hair root 
cells vesicular and parting from 
dermis.
Fibroblasts 
lost, g landu­
lar tissues  
very broken 
down.
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T a b l e  I— continued.
Sam ple Epiderm is H air Follicle  and H air Root
Other
Cellular
Structures
G elatase, 
3 days 
1 & 2
Only kera­
tinous layers 
remain, 
surface of 
derm is free 
of cell 
rem nants
Cells o f hair follicle  and hair 
roots degraded, fo llicles closed. 
Degraded rem nants of hair root 
in position.
No fibro­
blasts, g lan­
dular tissues 
degraded. 
H air m uscle 
broken down 
into blocks.
3 E piderm is 
lifted, in 
parts vesicu­
lar cells 
rem ain, in  
parts only  
keratin re ­
m ains, dermis 
free of cells.
F’ollicle wall and hair root cells 
very degraded and parted from  
dermis.
N o fibro­
blasts, g lan ­
dular tissues  
degraded, 
hair m uscle  
cells lost but 
not broken 
up.
Sam ples after sw elling in caustic soda and treated w ith Gelatase.
G elatase, 
l j  h 
1, 2, S.
Cells-nuclei 
granular, 
som e vesicu­
lar, No. 3 
m ost
degraded. 
Epiderm is 
adherent 
over m ost of 
the surface. 
Tops of 
papillae, only 
basal layer or 
tw o layers of 
cells rem ain.
F ollicle  wall cells nuclei som e­
what granular, less basophilic; 
still adherent to derm is. H air  
roots still adherent in 1 and 2, 
nuclei granular. Indications in 
3 of part of hair root parting  
from collagen.
Few  fibro­
blasts in 
grain layer. 
Glandular 
cells in  
fairly good 
condition, de­
graded in 3.
G elatase, 
3 h 
1 & 2
Epiderm is
lifted.
R em nants of 
basal layer 
cells on 
surface of 
dermis. 
Epiderm is 
still adherent 
in m ouths 
of hair 
fo llic le s .
■i 1 i - ; "  
Epiderm is 
lifted, only  
keratinous 
layers 
remain. 
Derm al sur­
face free of 
cell rem nants
H air follicle  wall still adherent, 
nuclei som ewhat granular ; H u x­
le y ’s layer still adherent to hair 
shaft. H air root cells—nuclei 
rather granular, m ainly adher­
ent, in sm all areas parting from  
dermis.
F ollicle  wall cells vesicular, 
beginn ing to  part from  dermis. 
H air root cells som ewhat granu­
lar ; parting from derm is at 
upper region of bulb.
N o fibro­
blasts, g lan­
dular cells— 
nuclei granu­
lar in 2, more 
broken down 
in 1.
N o fibro­
blasts, and 
glandular 
cells rather 
broken down.
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Table I—continued.
Sam ple Epiderm is H air F ollicle  and Hair Root
Other
Cellular
Structures
G elatase, 
4 j  h 
1, 2, 8.
No epiderm is 
remains.
In 1 and 3 follicle  wall cells 
som ewhat vesicular, but still 
ad h eren t: cells still faintly baso­
philic in  2. H u x ley ’s layer part­
ing  from hair shaft. H air root 
cells rather granular and ill 
defined and parting from der­
m is, m ostly at the tops of bulb.
N o fibro­
blasts, glan­
dular cells 
som ewhat 
broken down, 
no nuclei 
visible.
Gelatase,
6 h 
2
(Sam ple No. 1 
m issing)
Epiderm is 
lost, dermal 
surface fr e e ' 
of cells.
H air root cells vesicular and 
m ost of the hair roots com ­
pletely  parted from dermis. 
The upper part of the follicle  
wall still partly adherent, and 
cells still s ligh tly  basophilic. 
Cellular tissue m ainly destroyed  
in m ouths o f fo llic les.
No fibro­
blasts, glan­
dular tissues 
very
degraded.
3 Epiderm is 
lifted, cellu­
lar tissue at. 
m ouths of 
follicles 
destroyed.
Hair root cells, nuclei som ewhat 
granular, parting at the upper 
regions of the bulbs. Follicle  
wall still m ostly adherent to 
dermis.
No fibro­
blasts, glan­
dular tissues 
degraded.
G elatase, 
7 \  h 
1, 2, 3.
In all three  
skins the epi­
derm is lost, 
cellular  
tissue at 
m ouths of 
fo llicles  
destroyed. 
Surface of 
derm is free 
of cellular  
rem nants.
Hair root cells vesicular and 
com pletely parted from dermis. 
M iddle two-thirds of follicle  
wall, cells som ewhat vesicular, 
but still adherent.
No fibro­
blasts, glan­
dular tissues 
destroyed.
G elatase, . 
23 h 
1, 2, 3.
In a ll three 
sam ples der­
m is free of 
cellular  
rem nants. 
K eratinous 
layers away 
from surface.
Cellular tissues destroyed, 
follicle lined with degraded cell 
rem nants.
Cellular
tissues
destroyed.
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treatment appeared to follow this course: — Firstly, the nucleus of 
the cell appeared granular and later markedly less basophilic; the 
tonofibrils were no longer apparent, and the cytoplasm became 
vacuolated until the cells appeared as vesicles; finally, the cell 
boundary broke down.
Swollen Samples.
The samples that had previously been swollen showed after \ \  h 
in Gelatase the epidermal cells generally and the outer hair root 
cells somewhat vesicular. A t this stage and after 3 h the outer 
epidermal layers had been lost, leaving the basal layer adherent 
over most of the surface (see Fig. la). The cells of the hair root 
although somewhat vesicular after 3 h incubation were still adherent 
(see Fig. lc). After 4^ h all the epidermal tissues were lost, but it 
was not until after 6  h in Gelatase that the hair root cells appeared 
broken down and detached from the surrounding fibrous tissue.
Non-Swollen Skins.
The first signs of degradation appeared after 24 h, when the 
outer hair root cells showed some breakdown and loosening from 
the dermal tissues. The basal layer cells of the epidermis appeared 
somewhat vesicular. The epidermis lifted as a complete layer with 
the basal layer cells broken down after 24 - 30 h (Fig. lb) when 
most hair root tissues were mostly degenerated (Fig. Id).
Fat.
There was a very small amount of fat present in the dermis, and 
a larger amount of subcutaneous fat.
The fat cells in the dermis showed some breakdown in the raw 
state, with some fat free from the cells. The Gelatase treatment 
did not appear to have a marked effect until the longest time in 
Gelatase. There was little effect on the subcutaneous fat, which 
remained still within the fat cells at the completion of the 
experiment.
DISC U SSIO N  A N D  CO NCLUSIONS.
The stage at which the hair root cells were observed to be 
detached from the surrounding dermal tissues corresponded to the 
stage when the hair became loosened by manual tests.
The enzyme penetrated and unhaired more rapidly those skins 
that had been swollen. This may be due to the increased opening 
up of the skin, or partly to the epidermis becoming permeable.
Felscher(4) has shown that treatment causing the reticular fibres 
at the epidermis-dermal junction to swell also causes a loss of 
adhesion and consequent loosening of the epidermis. Shrinkage 
causes the reverse.
It is possible that the caustic soda swelling caused a detachment
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of the epidermis which on subsequent deplumping and formalin 
fixation would become reattached.
On examination of the deplumped skins, the epidermis was 
adherent and there were no marked differences in the epidermis 
compared with the previous soaked stage. However, the following 
evidence gained from this investigation suggests that the caustic 
soda swelling rendered the epidermis somewhat permeable. With­
out swelling, the enzyme would penetrate from the flesh side only. 
In these skins the hair cells were somewhat more broken down 
before most of the epidermis. The enzyme appeared to attack the 
fibrils projecting from the basal layer cells, the fibres ceased to 
stain, the basal layer cells became degenerate and the epidermis 
lifted as a complete layer. In the swollen skins the epidermis 
lifted before the hair roots became detached. The outer epidermal 
layers were attacked and lost before the basal layer of cells.
The bacteria penetrated the swollen skins more rapidly due to 
the greater opening up of those skins. The bacteria had not 
penetrated to the grain before there was some loosening of hair or 
epidermis. Therefore it is unlikely that bacterial action influenced 
the rate of unhairing except possibly in the later stages of the non­
swollen skins.
The enzyme appeared to have little effect in breaking down the 
fat cells.
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Enzymic Dewoolling of Sheepskins—IV
Bath Process with Re-Use of Liquor 
By G. H. Green
Extra-Mural Experiment N o . 116
(with the co-operation o f Messrs. Strong, Rawle & Strong, Ltd., and
that a com mercial proteolytic enzyme Nercozym e S 
prepared from  B a c i l l u s  s u b t i l i s  was sufficiently stable to 
be used to dewool five pieces o f sheepskin on consecutive 
days with no loss in strength. Loss o f antiseptic strength 
occurred and was made good for each fresh piece of 
skin. Sodium  chlorite was preferred as antiseptic in 
place of Nercolan D  used in earlier work as it gave 
a looser w ool and its strength was more easily 
controlled. W hen the process was run on a pilot scale 
with 8 - 1 0  skins in each pack certain difficulties were 
met. U nless the skins were adequately cleaned beyond 
what would be achieved in a normal overnight soak 
the amount o f dirt and blood carried into the enzyme 
bath made it im possible to control bacterial growth 
and damage to the pelts resulted. Scouring with Coriline 
D G  prevented this but was a costly and not very 
efficient process. Teepol and sodium carbonate both 
inactivated the enzyme. A  deburring machine might be 
a cheaper alternative to scouring. Losses in enzyme 
strength occurred which were attributed to too high 
an operating temperature and local overheating o f the 
circulating liquor as it passed over the heating element. 
The cost o f the process for materials only was 
estimated at a minimum of between 6d. and Is. 3-§-d. 
a skin according to size, length o f w ool and enzyme 
concentration used. In addition a certain amount o f 
analytical control is required, and w ool pulling is 
slower as the w ool is not as loose as with sulphide. 
The possible advantages o f enhanced w ool value through 
lack of sulphide damage and improved sorting, and of 
easier effluent disposal do not justify the considerable 
extra cost.
G om shall Tanneries, Ltd.)
SYNOPSIS
Exploratory experiments on a laboratory scale showed
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CO NTENTS
IN T R O D U C T IO N
I. M ATERIALS A N D  M ETH O DS
II. RESULTS
(i) Stability of Nercozym e S Solutions
(ii) Laboratory Experiments
(iii) P ilot Scale Experiments
III. DISCU SSIO N
(i) Practical Application
(ii) Treatment o f the Pelts
(iii) Cost of the Materials
IN T R O D U C T IO N
In Part I (1) a survey was made of published methods of 
enzyme dewoolling and the results of some laboratory experiments 
dealing with variations in type and concentration of enzyme, 
temperature, pH, antiseptics and activators were recorded. Two 
alternative methods were discussed, the bath process and the 
painting process, both having certain advantages and dis­
advantages. One of the main disadvantages of the bath process 
is the large float required with wool sheepskins making it very 
expensive in materials. Owing to the recent introduction of more 
active and stable enzyme preparations the possibility of con­
siderable reduction in costs by repeated re-use of the same enzyme 
liquor was investigated, and sufficiently promising results were 
obtained in laboratory experiments to justify pilot scale trials. 
A further development was the discovery'2’ of the usefulness 
of sodium chlorite as an alternative to cresylic acid for bacterial 
control in the enzyme bath. Although not completely stable during 
the dewoolling process, the simple analytical control required for 
restoring the concentration between packs was a decided advantage 
over other antiseptics. It also allowed wool loosening to proceed 
further than did cresylic acid.
The present paper describes laboratory experiments on the 
development of the bath process with re-use of the liquor and its 
application on a pilot plant scale. The subsequent paper will deal 
with the development of the painting process.
I. M ATERIALS A N D  M ETHO DS
The enzyme. Nercozyme S (Norman Evans & Rais, Ltd.), 
a spray-dried culture of Bacillus subtilis, was used throughout. 
It is a buff-coloured powder readily soluble in water.
Sodium chlorite. The technical grade containing about 90% 
NaC102 was used.
Sodium azide. Laboratory reagent grade was used.
Nercolan D. (Norman Evans & Rais, Ltd.). This is an anti­
septic based on cresylic acid.
1 87
G REEN
Enzyme activity. This was determined by the gelatin viscosity 
reduction method of Green(3). The Nercozyme S had an activity 
of 16,250 G.U. (Gelatinase units) at pH 7-0 and 40°.
Sodium chlorite determination. 10 ml. solution containing 
up to 0-2%  NaC102 was diluted to about 40 ml., acidified with 
1-2 ml. dil. H 2S 0 4, about 0-5 g KI added and dissolved, and the 
liberated iodine titrated immediately with standard 0 1 N  thio- 
sulphate. 1 ml. 0- IN  thiosulphate =  0-00226 g NaC102.
Nercolan D determination. 0-4 ml. Nercolan D was emul­
sified with 0-4 ml. water and 0-5 ml. 5N  NaOH added to give a 
homogeneous solution. This was made up to 200 ml. and diluted 
2 0  times before use to give a standard solution containing 0  • 1 
m g/ml. 2-0, 3-5 and 5 0 ml. standard and 5 0 ml. suitably 
diluted unknown were pipetted into 25 ml. graduated flasks and 
made up to 5 ml. with water. 2 ml. Folin & Ciocahen’s phenol 
reagent was added, then 10 ml. 10% N a2C 0 3 . solution. After 
making up to volume and standing for 30 min or longer the 
colours were measured on the Spekker Photoelectric Absorptio- 
meter using a 1 cm cell and filter 608 (6900A). The Nercolan D 
concentration was read from the standards graph which was 
a straight line. ,
The accuracy of this method with used enzyme liquors 
depends on the relative uptake of the various constituents of 
the Nercolan D by the skin and on the assumption that all 
the constituents give the same colour intensity with the phenol 
reagent. As this has not been investigated in detail the results given 
below must be regarded as approximate only.
Dewoolling: laboratory scale. Dry-salted sheepskin (Cape) 
was soaked 24 h in a large float of water, stretched and re-soaked 
\  h in running water. Pieces about 3 in. square were immersed 
in 11 times their dry weight enzyme/antiseptic solution contained 
in a beaker, ensuring that the flesh surface was freely exposed 
to the liquid. The skin was incubated for 22 h and removed 
from the liquor, as much as possible of the adhering liquor being 
expressed. The residual enzyme and sodium chlorite concentrations 
were determined and the latter restored to the original. Allowance 
was made for the enzyme and antiseptic removed in the portions 
taken for analysis. Further pieces of skin were similarly treated 
in the same liquor on consecutive days.
Wool looseness was measured by the Lennox depilation load 
(D.L.) method described previously(4).
Dewoolling: pilot scale. Fresh and wet-salted hoggets and 
shearlings were soaked overnight in water and well drained. In 
one experiment the skins were then scoured in two bowls with 
Coriline DG and rinsed.
188
E N Z Y M IC  D E W O O L L IN G — V I
The plant comprised a 100 gal. rectangular tank enamelled on 
the inside which held the skins laid on top of each other wool 
side uppermost. Connected to this tank by 1 in. dia. polythene 
tubing was a 10 gal. tank housing a 3 kW electric immersion 
heater. The liquor was circulated by an electric pump in the 
pipe line, returning to the large tank by gravity. A perforated 
polythene sheet served to prevent access of loose wool into the 
pump feed line. Both tanks were insulated on all sides with 
slag wool and fitted with insulated lids. The temperature of the 
liquor was controlled to +1°C  but overheating by about 8 °C 
occurred locally adjacent to the heating element.
II. RESULTS
(i) Stability of Nercozyme S Solutions
A solution containing 1-5% Nercozyme S and 0-2% sodium 
chlorite was incubated 18 h at various temperatures either alone 
or in the presence of sheepskin. The residual enzyme activities 
given in Table I show that the enzyme is quite stable up to 35° 
in the presence of skin but rather less stable at 40° and in the 
absence of skin. The digested protein from the skin probably 
exerts a stabilizing effect on the enzyme. The enzyme is less stable 
in the absence of sodium chlorite suggesting that the antiseptic 
prevents bacterial attack on the enzyme.
Table I.
I n f l u e n c e  o f  T e m p e r a t u r e  o n  t h e  S t a b il it y  o f  N e r c o z y m e  S  S o l u t io n s
WITH AND WITHOUT SKIN PRESENT
1-5% Nercozym e S, 0'2 % Sodium Chlorite; 22 h
Incubation
temperature
°C
Sodium  chlorite
Residual enzym e  
strength (as %  of 
original)
Solution
alone
Skin
present
4 Present 89 , 85 .
35 83 91
40 58 71
4 Absent 76
35 56
40 >> 0
The stability is influenced by the pH, the higher the pH 
(range 6  • 5 - 8  • 0 ) the less stable is the enzyme though the 
differences were small. Treatment of skins that had been scoured 
with sodium carbonate solution, even though well rinsed, resulted 
in rapid inactivation of the enzyme at 35° and failure to loosen 
the wool. The anionic detergent Teepol caused rapid inactivation 
at ordinary temperatures, whilst the non-ionic wetting agent
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Coriline DG was without adverse effect. Sodium chloride up to 
1 % had no effect on activity.
(ii) Laboratory Experiments ' -
Three experiments were carried out using 1% Nercozyme S. 
In two experiments the antiseptic was 0-2% sodium chlorite and 
0-02% sodium azide and in the third 0-2% Nercolan D arid
0-02% sodium azide. The sodium azide content of the used liquors
Table II.
S t a b il it y  o f  E n z y m e  a n d  A n t is e p t i c  in  R e - U s e d  L iq u o r s  
Antiseptic concentration restored daily
E xpt. Antiseptic
.
Day
Enzym e
concn.
%
Anti- 
. septic  
concn. 
%
Depila-
tion
load
1 NaC102 ................ 0 1-00 0-200 —
1 0-98 0-182 1-4
2 1 0 0 0-149 1-4
3 1 0 4 0-165 1-5
4 1-68 0-156 1-5
5 0-90 0-148 1-3
7* 0-86 — —
7t 0-72 — —
2 Nercolan D 0 1 0 0 0-200 ’ _
1 1-00 0-100 2-1
2 1-00 0-140 2-6
3 1 0 0 0-152 2-6
4 1-00 0-160 2-9
5 1-50J 0-162 2-1
* H eld 2 days at 20° 
t  H eld 2 days at 35° 
t  Raised to 1-50 after 4th day
was not determined. The results of two experiments are 
recorded in Table II. In all three experiments there was no 
appreciable loss in enzyme strength over 5 days though a temporary 
rise in strength occurred in one case on one day possibly due 
to experimental error. The sodium chlorite content fell to between 
35 and 90% of the original and the Nercolan D to between 50 and 
80% with each piece of skin put through. Wool loosening was 
maintained throughout the life of the liquor in all cases, but was 
substantially better with sodium chlorite than with Nercolan D. 
Owing to the superiority of sodium chlorite from this point of 
view and also its simpler analysis, it was chosen for subsequent 
pilot scale experiments.
The re-use of the liquor for 5 pieces of skins resulted in an 
appreciable rise in dissolved nitrogen from 3-5 mg% to 166 mg%. 
The liquors remained sweet-smelling throughout.
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(iii) Pilot Scale Experiments
Experiment 1. The skins were soaked overnight. They were 
still relatively dirty and had lumps of dung adhering. The 
temperature of the bath averaged 38° and the initial enzyme con­
centration was 1 %.
1-sf pack comprised 1 0  sheepskins some of which were showing 
wool slip. Wool loosening was variable over the area of a skin, 
from very loose to quite tight. The grain came off in patches 
on 3 or 4 skins. There was a rise of 200% in the enzyme con­
centration (see Table III), attributable to bacterial growth.
Table III.
S t a b i l it y  o f  E n z y m e  a n d  A n t i s e p t i c  i n  R e - U s e d  L iq u o r s  
Pilot Plant Experiments
E x p t . L iq u o r E n z y m e N a C IO ,
c o n c n . ,  % c o n c n . ,  %
1 O r ig in a l ....  ................................. 0 -7 2 0 -1 8 3
A fte r  1 s t p a c k  ................................. 2 1 3 0 - 135<3>
A fte r  2 n d  p a c k ................................. 0 -5 4 0 - 159(4)
A fte r  3rd  p a c k ................................. 0-21<O 0 -2 2 3
A fte r  4 th  p a c k  ................................. 0 -8 5 0 -1 6 0
2 O r ig in a l ....  ................................. 1 -00 0 -1 8 6
A fte r  1 s t p a c k  ................................. 0 -7 7 (2) 0 - 164(5)
A fte r  2 n d  p a c k ................................. 0-96<2> 0 - 152(5)
A fte r  3rd  p a c k ................................. 1 - 12<2) 0-162(5)
A fte r  4 th  p a c k  ................................. 0 -9 6 0 -1 3 2
(1) Raised to 0-90% by add ition -of more enzyme
(2) Raised to L50% by addition o f more enzyme
(3) Raised to 027%  by addition o f more N aC 10o
(4) Raised to 030%  by addition o f more N aC 100
(5) Raised to O' 19 % by addition of more NaC10„
2nd pack comprised 6  hoggets. Wool loosening was again 
variable but on the whole better than the first pack. There was 
no grain damage but some brown discoloration of the grain of 
some pelts. The enzyme concentration fell considerably.
3rd pack comprised 4 hoggets and 2 strong-woolled sheep. 
Three hoggets were quite loose, one fairly tight, whilst the two 
sheep were very tight. These and the tight hogget were given a 
further treatment, A further large drop in enzyme strength occurred 
and was restored to the original for the next pack.
4th pack comprised 3 skins from 3rd pack and 3 sheep. The 
hoggets and strong-woolled sheep now pulled well, two sheep 
reasonably well (slightly tight round neck and breech), but one 
sheep was too tight round the neck to be pulled.
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Assessment of pickled pelts. Four pelts from the 1st pack 
and one from the 2 nd pack were rejected because of grain damage. 
Most of the remainder had yellowish brown patches over part of 
the grain. Heavy bacterial growth was observed in both clear and 
coloured areas on microscopical examination of stained sections.
Assessment of the leather. The pelts were tanned into basils 
which were completely satisfactory. Only a trace of discoloration 
was noticeable on the grain of two pelts.
Experiment 2. The skins were soaked in water overnight 
and scoured with Coriline DG. The bath temperature averaged 
37 • 5 0 and the initial enzyme concentration was 1 %.
lsf pack comprised 8 hoggets and sheep. The wool was a 
little tight but there was no grain damage or rise in enzyme 
concentration as occurred in Experiment I. Owing to the tight­
ness of the wool the enzyme concentration was raised to 1 5 %  
for subsequent packs.
2nd pack comprised 8 hoggets and sheep. Pulling was fairly 
satisfactory though there were a  few tight patches. The enzyme 
concentration fell appreciably and was restored to 1-5% by an 
addition of further enzyme. This applied also to subsequent 
packs (see Table III).
3rd pack comprised 3 fine and 2 strong-woolled sheep. 
Pulling was slightly better than the 2nd pack.
4th pack was as 3rd pack. Pulling was satisfactory apart from 
the edges.
Assessment of pickled pelts. A few discoloured areas were 
present on the grain, though much less than in Experiment I. 
There was no grain damage.
Assessment of the leather. Some of the pelts were tanned 
into basils and suede clothing leather, others were split, the grains 
being vegetable- or chrome-tanned and the fleshes given a full oil 
tannage. Whilst the basils and chamois leather were satisfactory, 
the grains were inclined to be rather weak and the suede clothing 
leather very loose. These faults are not necessarily attributable to 
the enzyme process but are more likely to be connected with over­
liming.
III. DISCU SSIO N
(i) Practical Application -
The application of the bath process with re-use of enzyme 
liquor to the pilot plant scale revealed some of the difficulties which 
could be expected on a large scale. Unless the skins are adequately 
cleaned prior to entering the bath it is difficult to suppress bacterial
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growth which, when accompanied by the abundant production 
of additional proteolytic enzyme, can result in severe damage 
to the pelt. Sodium chlorite, although not bactericidal to a marked 
degree, has the advantage that being an oxidizing agent it will 
completely inhibit the growth of anaerobic bacteria which are the 
principal cause of attack on the collagen by production of 
collagenase. However, proteolytic enzymes other than collagenase 
will attack collagen slowly as instanced in the first pilot plant 
experiment. It would be necessary to examine whether mechanical 
cleaning in a deburring machine would be adequate since scouring 
would be completely ruled out both from  the cost aspect and the 
fact that it is not usual for the wool to be scoured by the fell- 
monger.
The stability of the enzyme observed in the laboratory 
experiments did not obtain in the pilot plant experiments. The 
chief reason in the first experiment was that a different batch 
of enzyme was used which possessed a lower stability than that 
used hitherto. This was due to a modification of the method of 
manufacture, not to batch variation, and stability of the enzyme 
would not normally be expected to vary. The cause of loss in 
strength in the second experiment can be ascribed partly to the 
use of a temperature slightly in excess of that established as safe 
in the preliminary experiments, but probably much more serious 
was the local overheating which occurred in the vicinity of the 
heating element. The temperature recorded by a thermometer in 
contact with the element was 46°. It would be anticipated that 
enzyme destruction would be very much reduced or eliminated 
by working at 35° and maintaining a much more rapid flow over 
the heating element. Failure to avoid loss of enzyme means that 
additional enzyme would be required between packs and the 
strength would have to be carefully controlled. Most methods for 
determining proteolytic activity are neither simple nor sufficiently 
rapid, though one could probably be devised suitable for the 
purpose if a certain amount of precision is sacrificed.
The losses in sodium chlorite strength in the pilot plant 
experiment were of the same order as those obtained in the 
laboratory experiments. Analytical control is relatively simple.
The conditions of the pilot plant experiment did not permit 
a fair assessment of the difficulties involved in handling the skins 
from the enzyme bath. It should be feasible to lift the skins out 
of the bath in a cage to allow drainage and maximum recovery 
of the liquor for re-use. Alternatively the liquor could be pumped 
into a holding tank and the skins drained in situ though it would 
involve more labour in removing the skins individually from 
the treatment tank.
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The looseness of the wool achieved in the second pilot plant 
experiment was adequate for pulling but was not as loose as 
achieved by sulphiding. This difference is to be expected since sul­
phide degrades the wool root completely whereas enzyme only partly 
digests it and it offers a certain amount of resistance to being drawn 
through the follicle. A tighter wool means a slower rate of pulling, 
but in some cases this might be advantageous because of the 
greater care that could be taken in sorting the wool.
The staining on the pelts which occurred to a marked degree 
in the first pilot scale experiment and to a slight extent in the 
second was at first attributed to chromogenic bacteria but subse­
quent work has shown it to be due to some coloured constituent 
of the enzyme preparation. The batch of enzyme used in the 
first experiment was a much deeper brown colour than that used 
in the second.
(ii) Treatment of the Pelts
No attempt has been made to investigate modifications to 
processing subsequent to dewoolling. Work by the author in 
connection with bating15 ’ has established that collagen treated 
with proteolytic enzymes is more readily peptised by alkali which 
suggests that enzyme-dewoolled skins require less liming than 
sulphide-dewoolled skins. It has been maintained that liming and 
bating can be eliminated entirely with enzyme unhaired skins, 
and whilst this may be possible for certain classes of leather 
with suitable modification of the tanning process, it is unlikely to 
be practicable with sheepskins. The treatment given to the pelts 
in the present work was that given normally to sulphided pelts and 
the liming was therefore greatly in excess of that required. There 
are two main reasons for giving a limited alkaline treatment after 
dewoolling. Firstly, a certain amount of tight wool may be 
present which has had to be clipped, and also some epidermis, and 
these can only be removed satisfactorily by alkali (possibly a little 
sulphide would be advantageous). Secondly the alkali treatment 
removes a considerable amount of grease which makes subsequent 
degreasing easier or renders it unnecessary. To obtain the full 
benefit from an enzyme process it would be a sound proposition 
to use caustic soda in place of lime and so avoid the deleterious 
effects on the leather associated with lime and simplify the 
effluent treatment(6).
(iii) Cost of Materials
Certain approximations must be made in assessing the 
probable cost on a works scale, but it is fairly easy to obtain a 
minimum figure for cost of materials. On the assumption that thd 
ratio of liquor to goods was minimal for adequate circulation of 
the enzyme, and that five packs could be put through one liquor
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without requiring any additional enzyme, then for large long- 
woolled sheepskins as used in the second pilot scale experiment 
the cost of materials alone is as follows: —
5 packs of 8 skins each required—
12 lbs enzyme at 3s. per lb. ................ £1. 16s. Od.
3 lbs sodium chlorite at 5s. per lb. ... 15s. Od.
per lb. ... 9d.
Total £2. 11s. 9d.
or Is. 3^d. a skin. Using only 1% enzyme this is reduced to Is. 
a skin. With smaller skins and shorter wool twice the number 
could be put through at half these costs per skin. The difference 
in cost between this process and that of sulphiding (ld .-l^d . 
a skin) is far too great to outweigh any possible advantages in 
dealing with the effluent. There is no forseeable way of reducing 
the cost appreciably: a reduction in the cost of materials is 
possible with increased volume of production but would be of 
a relatively small order, nor would it be feasible to use the liquor 
more than 5 times owing to the build up of dissolved protein.
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Enzymic Dewoolling of Sheepskins—V 
Painting Processes 
By G .H . Green
Extra-Mural Experiment N o . 118 
(With the co-operation of Messrs. Horn, M cCullagh & Co. Ltd., and 
Scottish Fellm ongers, Ltd.)
SYNOPSIS
Sheepskins have been dewoolled by painting on the 
flesh side a solution of proteolytic enzyme and antiseptic, 
either as such or thickened with kaolin, and incubating in 
a warm m oist atmosphere overnight or longer. Providing 
the skins are well drained before painting, the thickening 
agent is unnecessary and it would be possible to spray the 
solution onto the skin. The painted skins must be hung 
rather than piled owing to the difficulty o f temperature 
control in piled skins.
Satisfactory dewoolling with no damage to the pelt 
was obtained with a solution o f 12*5 % Nercozym e S 
and 4% sodium chlorite at a cost o f under 4d. a skin.
C O NTEN TS
IN T R O D U C T IO N
I. M ATERIALS A N D  M ETH O DS
II. RESULTS A N D  DISCUSSIO N
(i) Experiments with Kaolin-Thickened Paints
(ii) Experiments with Unthickened Paints
III. CO NC LUSIO N S
IN T R O D U C T IO N
The merits and demerits of painting and bath processes for 
enzymic dewoolling have been outlined in two previous papers in 
this series.(1,2) The present paper deals with trials on whole skins 
by the painting process based partly on experience gained with the 
bath process.<2) The initial experiments utilized an enzyme- 
antiseptic solution thickened with kaolin and having the same 
characteristics as a lime-sulphide paint. As the skins have. to be 
painted in the normal manner, then also hung in a sweating chamber 
as for sweated skins, two handlings are involved. Another dis­
advantage is that the flank wool may become contaminated by 
kaolin and this judged by the wool buyer to be lime. Furthermore 
all the kaolin used has eventually to be disposed of in the 
effluent and so is little improvement over lime. It was found sub­
sequently that satisfactory results could be achieved without the 
thickener present by using relatively higher enzyme and antiseptic 
concentrations. It is possible to visualize a continuous process in
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which the solution is sprayed onto the skins on a moving belt 
which carries them to trolleys on which they are hung and wheeled 
into sweating chambers.
In the earlier experiments with kaolin thickener two enzyme 
preparations were used based on Bacillus subtilis and Aspergillus 
flavus oryzae respectively. Although these gave similar results and 
are of similar price the mould enzyme is not so conveniently manu­
factured on a large scale and it requires an activator for maximum 
efficiency. Only the bacterial product was used for the unthickened 
paints. Nercolan D based on cresylic acid has been superseded by 
sodium chlorite for reasons given in Part IV (2).
I. M ATERIALS A N D  M ETH O DS
E n z y m e s
(a) M ould protease solution, an extract of a bran culture of 
Aspergillus flavus oryzae (C.S.I.R.O. Australia) prepared by 
Messrs. Norman Evans & Rais Ltd.
(b) Gelatase C and Nercozyme S, dried preparations of Bacillus 
subtilis protease manufactured by the same firm.
A n t is e p t ic s
(a) Nercolan D (Norman Evans & Rais Ltd.), based on cresylic 
acid.
(b) Sodium chlorite, technical containing about 90% NaC102.
(c) Sodium azide, technical.
K a o l in
Various grades of kaolin (English Clays Lovering Pochin & 
Co. Ltd.) were tested for the quantity to be mixed with water to give 
a paint of the same thickness as a commercial lime-sulphide paint 
using the flow time through a No. 4 Ford cup as a measure of 
thickness. The grade S.B.l was chosen as the cheapest though more 
was required than of some finer grades.
P a in t s  !
(a) Thickened. The antiseptic (0-4% Nercolan D or sodium 
chlorite plus 0 05% sodium azide) and enzyme (20% Gelatase C 
or 2 0 % mould protease solution plus 8 % sodium sulphite) were 
dissolved in water and 60% kaolin added. Only when the kaolin 
was completely wetted was the mixture stirred.
(b) Unthickened. The required amount of Nercozyme S was dis­
solved in 4% sodium chlorite solution. With 25% or more enzyme 
the resulting solution was neutral or slightly acid. With 12-5% 
enzyme the sodium chlorite solution was first neutralized with 
dilute acetic acid.*
* Experiments have subsequently established that these strong enzym e  
solutions are quite stable between pH 7-8. T hey are very unstable at pH 6 
and only m oderately stable at pH  9.
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S o a k in g
All skins were given a normal soaking and well drained. In 
experiments with dried skins which were piled after painting, the 
skins were given a second soak in 0-2% Nercolan D when painted 
with mould protease or in 0 -0 1 % sodium chlorite when painted 
with Gelatase, to prevent them heating in pile.
P a in t in g
The paints were applied by brush. For piling, the skins were 
folded along the backbone but when hung they were left opened 
out. In some experiments a thermostatically controlled sweating 
chamber was used, in others the normal sweating chamber which 
is heated intermittently was used.
II. RESULTS A N D  DISCUSSIO N
In view of the superior results obtained with the unthickened 
paints, the experiments with thickened paints are reported in out­
line only.
(i) E x p e r im e n t s  w i t h  K a o l i n - T h i c k e n e d  P a in t s
These experiments were confined to dried skins. In general there 
was little or no difference in effectiveness between the two enzymes. 
Adequate wool loosening could be obtained in one day at 90° F  to 
3 days at 70° F. Some tight patches of wool occurred on some skins 
in the region of the neck and backbone. There was evidence of 
bacterial growth occurring by the formation of some coloured 
patches and microscopical examination of suitably stained sections 
showed fair to heavy infection, but otherwise the pelts were not 
damaged and were similar to corresponding sweated pelts. As 
pointed out in Part IV (2) bacterial growth if confined to aerobic 
bacteria, as would be the case in the presence of sodium chlorite, 
is not likely to damage the collagen unless very heavy and 
prolonged.
The dewoolled pelts were limed in straight lime, delimed, 
bated, pickled and tanned into basils. The tanner reported them to 
be perfectly satisfactory and hardly distinguishable from leather 
from sweated pelts from the same source.
(ii) E x p e r im e n t s  w i t h  U n t h i c k e n e d  P a in t s
These experiments were carried out on fresh domestic sheep­
skins and lambskins. The conditions and results are set out in Table
I. The epidermis came away with the wool in all cases but only in 
the case of the blackface lambs in Expt. 3 was it left in sheets. The 
pelts appeared to be in perfect condition and residual sodium 
chlorite could be detected in all cases.
The pelts were limed, etc. and tanned into basils, the treat­
ment being the same as that given normally to sulphided pelts
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T a b l e  I.
D e w o o l l i n g  w i t h  U n t h i c k e n e d  E n z y m e  P a i n t s  
Antiseptic 4% sodium chlorite
E x p t .
T e m p
° F
Enzyme
concn.
0//o
T y p e  o f  s k in N o . R e m a r k s
1 94 -9 6 250 B la c k fa c e  la m b 1 S a t is fa c to r y .
C ro ssb r ed  la m b 1 S a t is f a c t o r y .
2 92 25 B la c k fa c e  la m b S a t is fa c to r y .
12-5 B la c k fa c e  la m b S a t is fa c to r y .
3 92 25 B la c k fa c e  la m b 1 S a t is fa c to r y . E p id e r m is  c a m e
a w a y  in  s h e e t s .
C r o ssb r e d  la m b 1 S a t is f a c t o r y .
W h ite fa c e  la m b S a t is f a c t o r y .
W h ite fa c e  s h e e p 1 S a t is f a c t o r y  e x c e p t  fo r  th in
s tr ip  o f  t ig h t  w o o l u p  b a c k ­
b o n e .
12 -5 B la c k fa c e  la m b 1 S e e  25% e n z y m e .
C r o ssb r e d  la m b 1 S a t is f a c t o r y .
W h ite fa c e  la m b 1 S a t is f a c t o r y  e x c e p t  fo r  th in
s tr ip  o f  t ig h t  w o o l u p  b a c k ­
b o n e .
W h ite fa c e  s h e e p 1 S e e  25% e n z y m e .
4 80 25 B la c k fa c e  la m b 1 S a t is fa c to r y .
(23 h )
C r o ssb r ed  la m b 1 S a t is fa c to r y .
W h it e f a c e  la m b 1 S a t is f a c t o r y .
B la c k fa c e  s h e e p 1 S a t is fa c to r y .
W h it e t a c e  s h e e p 1 S a t is f a c t o r y .
except that the liming was carried out in a much smaller pack and 
some of the pelts experienced lime blast, drawn and leopard grain, 
making a fair assessment of the leather difficult. In addition to the 
probable desirability of reducing the period of liming as discussed 
earlier{2), the liming should be carried out with full packs of pelts 
and comparative assessments made with pelts and leather from the 
standard sulphide process. It is hoped to do this in further work.
Further work is also required to be carried out before the 
cost of the process can be estimated. The lowest effective con­
centrations of enzyme and antiseptic have yet to be determined. 
The higher the temperature the lower will be the amount of enzyme 
required to loosen the wool in a given time and it will be necessary 
to arrive at a balance between cost of enzyme and cost of heating. 
Using 4% sodium chlorite, the cost per skin excluding heating 
worked out at 7d. for 25% enzyme and 4d. for 12-5% enzyme, 
allowing 17 skins per gallon of solution. Any substantial reduction 
below 4d. can only be obtained by reducing the enzyme concen­
tration. The enzyme accounts for the bulk of the cost and its price 
is not likely to fall greatly; it is already produced in bulk quantity.
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Certain other points require to be investigated before engaging 
on full scale production. As mentioned above, the epidermis was 
removed with the wool and may interfere with the drying of the 
wool by causing it to stick together. It is probable that thin-pelted 
skins require less enzyme than thicker ones and economies could 
be effected by having different strengths for different types of skin. 
In these experiments the skins were not folded before hanging but 
there does not appear to be any danger in folding them as there 
would be with a sweating process. It would be a great advantage 
if the skins could be piled instead of hung but the difficulties of 
temperature control become too great. Occasionally skins may have 
to be held over a further day before pulling owing to bottlenecks 
arising in the pulling shop, etc. and it will be necessary to check 
that the pelts will not suffer damage. The level of antiseptic might 
have to be raised to allow for such a contingency. If it is desired to 
run the process over the week-end the most effective way would 
seem to be by lowering the temperature.
This work has been confined to fresh domestic skins and 
should work equally well with wet-salted domestics. The work with 
thickened paints on dried skins suggests that these skins also could 
be processed with unthickened paints.
III. CO NC LUSIO N S
1. Preliminary work indicates that the dewoolling of sheepskins 
by application of a solution of the enzyme Nercozyme S and sodium 
chlorite to the flesh side followed by incubation in a warm damp 
atmosphere is both a practical and economic process. The use of 
enzyme would eliminate sulphide from the effluent, and in con­
junction with the replacement of lime by caustic soda, would still 
further simplify effluent treatment and yield an improved pelt. 
The process could be substantially mechanized and automatic 
temperature and humidity control used to make fellmongering an 
industry more attractive to labour.
2. The advantages to be gained by fellmongers of dried skins 
that are at present sweated are not so great. From the labour aspect, 
there is the elimination of offensive smells, and from the production 
aspect the absence of bacterial damage to the pelts.
REFERENCES
(1) G r e e n , B.L.M .R.A. Laboratory Reports,  1953 , 3 2 , 219 .
(2) G r e e n , B.L.M.R.A.,  Laboratory Reports,  th is  is su e , p a g e  186.
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Painting Process with English Sheep Skins
Extramural Experiment N o . 122.
By G. H. Green
(with the co-operation o f Strong, R aw le and Strong Ltd., and G om shall
Tanneries Ltd.)
SYNO PSIS
Satisfactory dewoolling of English sheep and lamb 
skins has been obtained by a painting process using two  
different proteolytic enzym e preparations. Blistering 
was observed on a proportion o f the pelts after pulling 
but was not related to looseness in the leather. Tem pera­
ture and time of enzyme treatment had no appreciable in­
fluence on the quality o f basils, skivers and cham ois 
tanned from  the pelts. Caustic soda liming gave better 
basils than did lime. Longer liming than necessary to 
achieve loosening of residual w ool and the re-use o f lime 
liquors appeared detrimental to the quality of the basils.
The enzyme treatment does not appear likely to 
increase the price received for the w ool from  a given  
skin, but has operating advantages in fellmongering.
C O NTEN TS
IN T R O D U C T IO N
I. E X PE R IM E N T A L
(i) M aterials
(ii) M ethods
II. RESULTS
IN T R O D U C T IO N
In Part V (1) the application of an enzyme painting process to 
Scottish sheep and lamb skins was described. The present paper 
deals with the same process applied to English skins. Two proteo­
lytic enzyme preparations have been used, one the same as- used 
previously, the other an American product with some 30 times the 
strength. Variations in liming of the pelts have also been studied 
and some pelts were treated with caustic soda in place of lime.
I. E X PE R IM E N T A L
(i) M a t e r ia l s
E nzym es: Nercozyme S, ex Norman Evans and Rais Ltd.
Takamine H.T. Proteolytic, ex Takamine Labora­
tories.
A ntiseptics: Sodium chlorite 
Sodium azide
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Skins: No distinction was made between fresh and salted
skins, which received the usual soaking given to skins 
to be sulphided. A part from one or two early experi­
ments all skins were green fleshed after soaking. 
Owing to the limited amount of time available for 
drainage, the skins were hydroextracted prior to 
painting.
Fine woolled hoggets (tegs, unshorn lambs) and sheep 
skins (both fine- and strong-woolled) were treated.
( ii)  M e t h o d s  
Enzyme Treatment
In each experiment approximately 12 skins were used (see 
Table II). After 6 preliminary experiments to establish approxi­
mately 'what concentration of Takamine would be needed (the 
approximate concentration of Nercozyme was known from previous 
work), 20 experiments were done under conditions summarized in 
Table II.
In previous work(1) a 4% solution of sodium chlorite was used 
as the antiseptic. Subsequent laboratory work indicated that this 
might be reduced to 1 % but early trials on whole skins showed that 
when 1 % was used, little or no antiseptic remained by the end of 
24 h. Most of the work was carried out with 2% which was adequate 
for skins given up to 2 days’ treatment.* Sodium azide (0-2%) 
was also added though it is probable that the sodium chlorite on its 
own is adequate to control bacterial growth. Microscopical exami­
nation of sections of pelt after enzyme treatment showed no pene­
tration of bacteria into the corium.
The antiseptics were first dissolved in the water. The Nerco­
zyme S was added to the antiseptic solution and the mixture stirred 
to dissolve the enzyme. Takamine H.T. was made into a cream with 
methylated spirits to which the antiseptic solution was added slowly 
with stirring.
The antiseptic-enzyme solution was applied to the flesh surface 
of the skin in sufficient quantity to wet it thoroughly without leaving 
an excess which would run off. The skin was folded along the back­
bone taking care not to wipe the enzyme solution off the belly edges 
with wool from the opposite edge. It was then hung across a pole 
in a thermostatically controlled chamber heated with live steam to 
maintain a saturated atmosphere and so prevent drying out. One 
gallon of solution was sufficient for 9-13 skins according to size.
Liming
The pelts were washed in a paddle and transferred to a lime 
paddle containing 3% hydrated lime and 0 T %  sodium sulphide
* Residual chlorite was shown by use of a starch-iodide test paper acidified 
with dilute acetic acid, which turns blue in the presence o f chlorite.
2 0 2
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T a b l e  I.
S h r in k a g e  T e m p e r a t u r e s  o f  L i m e d  P e l t s . 
Determined at pH  7-0.
Enzym e
Concn.
%
E nzym e
treatm ent L im ing
days T
Tem p.
°F
Dura­
tion, h
-•■s
Takam ine 0-5 90 2 3 55
Takam ine 1 0 90 1 1 60
3 57
Takam ine 0-5 80 2 1* 57
Takam ine 0-5 80 1 3 58
2 2 58
Nercozym e 6-25 90 2 3 56
Nercozym e 12-5 90 , 1 1* 56
Nercozym e 12-5 90 1 2 60
* Caustic soda used in place o f lime.
(as N a2S). Early experiments had established that unless sulphide 
was present it was difficult to loosen residual wool. Between 11 and 
14 skins were treated in 50 gallons of liquor. The pelts were paddled 
for \  h morning and afternoon, or for 1 h in the afternoon only, and 
left overnight. If left for more than one day the pelts were sometimes 
given an hour’s paddling on subsequent days. Three lots of pelts 
were put through each liquor which was strengthened each time 
with the addition of 1 % lime and 0 -1 % sodium sulphide.
Deliming, Bating and Pickling
The pelts were combined with a full pack of skins from the 
sulphide process.
Tanning
The skins were tanned with full packs into basils preparatory 
to  semi-chroming for clothing suede, and examined after staking.
R ESULTS.
Wool pulling
The ease of pulling or the time required to achieve adequate 
loosening depended on the type of skin, enzyme concentration and 
tem perature, of incubation. There was no great difference in be­
haviour between hoggets and sheep of the same class of skin. Ease 
of pulling decreased in the order fine-woolled, fine-woolled Down 
and strong-woolled. The present experiments were not sufficiently 
numerous to establish precisely what conditions are required for 
adequate loosening of the wool on the different types of skin, or 
under different conditions, but they can be used as a guide for con­
ditions to be tested in further experiments. They suggest that the
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strong-woolled types require twice as much enzyme (or twice as 
long incubation) as the fine-woolled and that incubation would need 
to be twice as long at 80° as at 90°F; or for loosening at 80°F, it 
appears that rather more than twice as much enzyme would be 
required than at 90°. Only one of the experiments indicated con­
ditions for loosening at 70°F (12-5% Nercozyme, 2 days). In the 
experiments with fine-woolled lambs, loosening was achieved at 
90°F with 0-3% Takamine in 1 day, or 6-2% Nercozyme in 2 days 
and at 80° with 12-5% Nercozyme in 2 days; the indications were 
that at 80° rather more than 1% Takamine would be needed for 
loosening in 1 day, and rather more than 0 • 5 % Takamine for loosen­
ing in 2 days; 12-5% Nercozyme gave satisfactory loosening in 2 
days at 80°. With fine-woolled sheep, ra ther more than 0-5% 
Takamine would have been needed for satisfactory loosening in 1 
day, 0-5% being sufficient in 2 days. With strong-woolled sheep at 
90°F, 0-5%  Takamine gave satisfactory loosening in 2 days, and 
25% Nercozyme was not quite enough for 2-day loosening, but was 
satisfactory in 3 days.
Liming
Provided sulphide was present, residual wool was readily re­
moved after one day’s liming except from heavy strong-woolled 
Devon sheep which required at least two days. Some fine-woolled 
skins given four days liming were distinctly overlimed so that liming 
was restricted to three and later on to one day where possible. The 
blisters observed after pulling could only be detected in the limed 
state on badly affected skins by very careful examination.
Pelts given caustic soda treatment in place of lime were slightly 
more slippery to handle during trimming and fleshing but not unduly 
difficult. Residual wool, however, did not loosen so easily.
The shrinkage temperature of the pickled pelts '(depickled to 
pH 7-0) varied from 55-60° C. Longer liming tended to lower the 
Ts and treatment with caustic soda gave a lower T s than with lime. 
Some representative figures are given in Table I.
Pickled Pelts
These appeared perfectly satisfactory and there was no trace 
of staining, blistering or looseness.
Crust Basils
The pelts were tanned in three groups, Expts. 7-12, 13-23 and 
24-26. Skins from Expts. 13-23 were sorted in the pickle for suit­
ability for splitting; the numbers tanned into basils or splits (for 
skivers and chamois) are given in Table III.
The results are summarized in Table II, and are arranged under 
type of skin and decreasing quality of the basils. No clear cut
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T a ble
S u m m a r y  o f  E x p e r i m e n t : Ease o f  Pulling and Condition of Basils.
E xpt.
No.
N o. of 
sk ins  
used
Enzym e treatm ent
Type of sk in Enzym e*
Tem p.
°F
Dura­
tion
days
Propor-
Type % blistered
Fine-w oolled lambs .... 15 13 T 0 5 . 80 2 0/13
19 13 N 12-5 -90 1 5/13
16 7 T 1 0 : 80 1 0 /7
18 12 N 6-2 90 2 7/12
7 10 T 0-3 91 1 3/10
22 14 N 12-5 80 2 6/14
8 14 T 0 1 7 93 1 3/14
25 12 N 12-5 70 1 1/12
Fine-w oolled sheep 23 13 N 25-0 80 2 1/13
17 14 T 0-5 80 2 2/14
9 12 T 0-5 90 1 4/12
20 18 N 12-5 90 2 0/13
Fine-w oolled Down 11 14 T 0-3 90 1 0/11
lambs 10 14 T 0-5 91 1 0/14
Fine-w oolled Down
sheep
14 13 T 1 0 90 1 3/13
Crossbred sheep 26 10 N  . 12-5 70 2 0/10
Strong sheep .... 13 12 T 0-5 90 2 0/12
21 11 N 25 90 2 0/11
24 11 N  ■ 25 90 2-3 0/11
12 11 T 0-5 90 2 0/11
* N  =  Nercozym e S, T = T ak am in e H.T. 
t  2  days except in Expt. N o . 24 .
On the whole the neck areas tended to be rather tight and 
frequently had to be clipped, whereas the remainder of the skin 
pulled well. Occasionally, an odd skin in a pack would be tight 
along the whole length of the backbone. Lumps of sub-cutaneous 
fat in the tail area not removed in fleshing also sometimes caused 
tight patches to be left. The use of a stronger paint on the neck and 
backbone areas, up to three times the strength of the body area, was
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Relation between Processing Conditions and Quality o f Basils.
Ease of pu lling Rim ing treatm ent
Quality of basils
After 1 day At endf TiquorJ Tim e
days
4 good (tig h t in necks) Fairly good NaO H , pH  12-8 1 Good
1 tight, 12 good NaO H , pH  12-5 1 Good
1 tigh t, 6 fairly good . NaO H , pH  12-8 1 Fairly good
Fairly tigh t Good ................ Once used 3 A bit loose
Good ...  ................ Fresh  ................ 3 Loose
8 pulled, good; som e 1 rather tigh t, 5
tigh t necks ................ good .... Once used 1-2 Loose
Rather tigh t ................ Once used 1-2 Loose, poor colour
Fairly good except Loose, weak, grain off
necks .... ................ Once used 1 in patches
3 fairly good, 10 tigh t Good Twice used 3 Good
4 fairly loose, 10 tigh t Good ..... Fresh ................ 2-3 Fairly good
F'airly good ................ Fresh ................ 1-2 33% loose, others good
12 fairly good, 1 tigh t Good Twice used 1 Loose
Rather tigh t ................ Once used 3 Good
1 rather tight, 13 fairly
good ............................. Twice used 1 Loose
Very good ................ Fresh ................ 1 Good
2 Slightly  loose and
drawn
3 W orse than above
B eginning to loosen .... Good, a few tigh t
necks ................ Twice used 1 Loose
T ight except for bellies Good ................ Fresh ................ 3 Good
1 good ................ 4 rather tigh t, 6
good ................ Fresh ' ................ 3 Good
B eginning to  loosen .... 2 days, 6 good
3 days, all good F resh ................ 1-3 Good
Tight except for bellies Good ................ Twice used 1-2 Loose, th in  and papery
t  Unless otherwise stated a 3 % lim e suspension was used plus 0 1% N a 2S. 
For re-use 1 % lim e and 0- 1% N a 2S were added.
tried but gave such little improvement as to be not worth the extra 
cost.
Blistered grain occurred on up to 40% of fine-woolled skins and 
was independent of the processing conditions. This is a condition of 
the raw skin rather than of the method of treatment'2’. No damage 
was apparent in any case except some grain rupture where an 
attempt was made to pull too tight wool.
2Q6
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T a b l e  III.
N u m b e r  o f  P e l t s  S p l it  a n d  T a n n e d  in t o  B a s il s  in  E x p e r im e n t s  13-23 .
E xperim ent
No.
Sp lit for 
skivers 
and cham ois
Tanned into 
basils
13 10 2
14 5 8
15 7 6
16 1 5
17 9 5
18 5 7
19 9 3
20 11 2
21 7 4
22 6 8
23 10 3
statement can be made as to the conditions of dewoolling and liming 
which gave the best basil leather since other factors such as the 
quality of the raw material and possibly the degree of mechanical 
action in the lime paddle play a part. No distinction can be made 
between the two enzyme preparations used nor the temperature of 
treatment over the range 21-32°C (70-90°F). The duration was 
the minimum required to give adequate wool loosening and residual 
sodium chlorite was present in all cases. There was no relation 
between the extent of blistering observed on the pulled pelts and 
looseness in the basils. The only positive effect on the quality of the 
basils was due to the liming treatment. In general, caustic soda gave 
better leather than lime, and prolonged liming and the re-use of 
the lime liquor were detrimental.
Skivers and Chamois
The majority of the skins lost their markings in process so that 
it was not possible to relate the quality of the leather with the treat­
ment of the pelts. However, the majority of the skivers and all the 
chamois proved very satisfactory; A few only of the skivers showed 
weakness, hardness or discoloration.
Wool
Representative samples of body wool from fine-woolled, cross­
bred and strong-woolled skins, pulled by the enzyme and sulphide 
processes were submitted to the British Wool Federation for expert 
evaluation and their report is given in the Appendix. It suggests 
that although the enzyme-pulled wool would probably fetch a higher 
price per lb. than sulphide-pulled wool, because it is cleaner, there 
might, for the same reason, be a lesser yield of pulled wool from the 
enzyme-treated skins, so that the .overall return to the fellmonger 
might be the same by both processes. The assessors were not able
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to suggest whether or not the enzyme treatment would be detrimental 
to the wool, but it is in fact reasonable to hope that it might result 
in an improved quality of wool and, as the assessors point out, tests 
should be made to find how the enzyme-pulled wool behaves in the 
processes of the wool industry.
To the fellmonger, the enzyme treatment clearly offers practical 
advantages. It can be adapted to a mechanized spraying process, in 
which sulphide paints damage the wool. It would improve work­
ing conditions in fellmongering, and would greatly lessen effluent 
problems.
REFERENCES.
1. G r e e n ,  B . L . M . R . A .  L a b o ra t o ry  Re por t s ,  th is  is su e , p . 196.
2 . D e m p s e y  a n d  G r e e n ,  B . L . M . R . A .  Journal ,  1959 , 2, 2 7 ; Nature ,  1959.
183, 909.
A P P E N D IX
Report from the British Wool Federation
We have now had the samples which you sent to us assessed 
by people with knowledge of these wools.
The assessors say that the enzyme pulled wools are cleaner and 
more attractive in appearance than those pulled by the sulphide 
process. Although a buyer considering the fine wools for topmaking 
purposes may prefer the enzyme pulled wools, the difference in 
appearance may not be so important to a woollen manufacturer or 
a carpet wools buyer who would be more interested in the stronger 
wools. The enzyme process appears to remove a larger amount of 
papillary than the sulphide process but if the amount removed is 
not normally higher than the percentage shown by the samples then 
it is not thought that any disadvantage would arise in subsequent 
processing.
On this question the experts said that they were not able to 
offer any opinion as to whether the enzyme process affected the 
structure of the fibre in such a way as to be detrimental to its per­
formance in the later stages of manufacture. They would recommend 
that tests be undertaken to obtain evidence on this aspect.
As far as value is concerned, the enzyme pulled wool is cleaner 
than the sulphide pulled wool and would accordingly have a higher 
clean yield and would command a prooortionately higher price for 
the wool in its pulled state. The experts assessed a difference of 
between 2 and 3% on the fine wools and about 2% on the strong. 
They , said, however, that from the fellmonger’s point of view there 
may be little financial advantage in the use of the enzyme process as 
it could result in a smaller weight of wool from the skin than would 
be obtained by the sulphide process. The only price difference which 
would arise would be caused by differences in yield and this would 
require to be balanced against any difference in fellmongering costs.
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Painting Process with English Sheep Skins
Extramural Experiment N o . 122.
By G. H. Green
(with the co-operation o f Strong, R aw le and Strong Ltd., and G om shall
Tanneries Ltd.)
SYNO PSIS
Satisfactory dewoolling o f English sheep and lamb 
skins has been obtained by a painting process using two 
different proteolytic enzym e preparations. Blistering 
was observed on a proportion of the pelts after pulling 
but was not related to looseness in the leather. Tempera­
ture and time o f enzyme treatment had no appreciable in­
fluence on the quality of basils, skivers and chamois 
tanned from  the pelts. Caustic soda liming gave better 
basils than did lime. Longer liming than necessary to 
achieve loosening of residual w ool and the re-use of lime 
liquors appeared detrimental to the quality of the basils.
The enzyme treatment does not appear likely to 
increase the price received for the w ool from  a given  
skin, but has operating advantages in fellmongering.
CO NTEN TS
IN T R O D U C T IO N
I. E X PE R IM E N T A L
(i) M aterials
(ii) M ethods
II. RESULTS
IN T R O D U C T IO N
In Part V (1) the application of an enzyme painting process to 
Scottish sheep and lamb skins was described. The present paper 
deals with the same process applied to English skins. Two proteo­
lytic enzyme preparations have been used, one the same as used 
previously, the other an American product with some 30 times the 
strength. Variations in liming of the pelts have also been studied 
and some pelts were treated with caustic soda in place of lime.
I. EX PE R IM E N T A L
(i) M a t e r ia l s
E nzym es :. Nercozyme S, ex Norman Evans and Rais Ltd.
Takamine H.T. Proteolytic, ex Takamine Labora­
tories.
A ntiseptics: Sodium chlorite 
Sodium azide
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S k in s : No distinction was made between fresh and salted
skins, which received the usual soaking given to skins 
to be sulphided. Apart from one or two early experi­
ments all skins were green fleshed after soaking. 
Owing to the limited amount of time available for 
drainage, the skins were hydroextracted prior to 
painting.
Fine woolled hoggets (tegs, unshorn lambs) and sheep 
skins (both fine- and strong-woolled) were treated.
( ii)  M e t h o d s  
Enzym e Treatment
In each experiment approximately 12 skins were used (see 
Table II). After 6  preliminary experiments to establish approxi­
mately what concentration of Takamine would be needed (the 
approximate concentration of Nercozyme was known from previous 
work), 2 0  experiments were done under conditions summarized in 
Table II.
In previous work(1) a 4% solution of sodium chlorite was used 
as the antiseptic. Subsequent laboratory work indicated that this 
might be reduced to 1 % but early trials on whole skins showed that 
when 1 % was used, little or no antiseptic remained by the end of 
24 h. Most of the work was carried out with 2% which was adequate 
for skins given up to 2 days’ treatment.* Sodium azide (0 2%) 
was also added though it is probable that the sodium chlorite on its 
own is adequate to control bacterial growth. Microscopical exami­
nation of sections of pelt after enzyme treatment showed no pene­
tration of bacteria into the corium.
The antiseptics were first dissolved in the water. The Nerco­
zyme S was added to the antiseptic solution and the mixture stirred 
to dissolve the enzyme. Takamine H.T. was made into a cream with 
methylated spirits to which the antiseptic solution was added slowly 
with stirring.
The antiseptic-enzyme solution was applied to the flesh surface 
of the skin in sufficient quantity to wet it thoroughly without leaving 
an excess which would run off. The skin was folded along the back­
bone taking care not to wipe the enzyme solution off the belly edges 
with wool from the opposite edge. It was then hung across a pole 
in a thermostatically controlled chamber heated with live steam Jo 
maintain a saturated atmosphere and so prevent drying out. One 
gallon of solution was sufficient for 9-13 skins according to size.
Liming
The pelts were washed in a paddle and transferred to a lime 
paddle containing 3 % hydrated lime and 0 1% sodium sulphide
* Residual chlorite was shown by use o f a starch-iodide test paper acidified 
with dilute acetic acid, which turns blue in the presence o f chlorite.
G R E E N
T a b l e  I.
S h r in k a g e  T e m p e r a t u r e s  o f  L i m e d  P e l t s . 
Determ ined at pH 7 0.
Enzym e
Concn.
0//o
Enzym e
treatm ent Dim ing
days T-*-sTem p.
°F
Dura­
tion, h
Takam ine 0-5 90 2 3 55
Takam ine 1-0 90 1 1 60
3 57
Takam ine 0-5 80 2 1* 57
Takam ine 0-5 80 1 3 58
2 2 58
Nercozym e 6-25 90 2 3 56
Nercozym e 12-5 90 1 1* 56
Nercozym e 12-5 90 1 2 60
* Caustic soda used in place o f lime.
(as N a2S). Early experiments had established that unless sulphide 
was present it was difficult to loosen residual wool. Between 11 and 
14 skins were treated in 50 gallons of liquor. The pelts were paddled 
for \  h morning and afternoon, or for 1 h in the afternoon only, and 
left overnight. If left for more than one day the pelts were sometimes 
given an hour’s paddling on subsequent days. Three lots of pelts 
were put through each liquor which was strengthened each time 
with the addition of 1 % lime and 0  1 % sodium sulphide.
Deliming, Bating and Pickling
The pelts were combined with a full pack of skins from the 
sulphide process.
Tanning
The skins were tanned with full packs into basils preparatory 
to semi-chroming for clothing suede, and examined after staking.
RESULTS
Wool pulling
The ease of pulling or the time required to achieve adequate 
loosening depended on the type of skin, enzyme concentration and 
temperature of incubation. There was no great difference in be­
haviour between hoggets and sheep of the same class of skin. Ease 
of pulling decreased in the order fine-woolled, fine-woolled Down 
and strong-woolled. The present experiments were not sufficiently 
numerous to establish precisely what conditions are required for 
adequate loosening of the wool on the different types of skin, or 
under different conditions, but they can be used as a guide for con­
ditions to be tested in further experiments. They suggest that the
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T able II.
S u m m a r y  o f  E x p e r i m e n t  : Ease o f Pulling and Condition of Basils. Relation between Processing Conditions and Q
Type of sk in
E xpt.
No.
No. of 
sk ins 
used
E nzym e treatm ent Ease of pu lling Diming
Enzym e*
Tem p.
°F
Dura­
tion
days
Propor­
tion
blistered
After 1 day At end+ Uiquc
Type ' % ■
Fine-w oolled lambs .... 15 13 T 0-5 80 2 0/13 4 go >d (tight in necks) Fairly good NaO H , p
19 13 N 12-5 90 1 5/13 1 tit lit, 12 good NaOH, p.
16 7 T 1 0 80 1 0/7 1 ti1dit, 6 fairly good NaO H , p
18 12 N 6 - 2 90 2 7/12 Fairly tight - ................ Good Once use(
7 10 T 0-3 91 1 3/10 Good ............................. Fresh
22 14 N 12-5 80 2 6/14 8 pulled, good; som e 1 rather tigh t, 5
tight necks ................ good ................ Once use<
8 14 T 0-17 93 1 3/14 Rather tight ................ Once use<
25 12 N 12-5 70 1 1 /1 2 Fairly good except
necks ............................. Once use<
Fine-w oolled sheep .... 23 13 N 2 5 0 80 2 1/13 3 fairly good, 10 tigh t Good ............... . Twice use
17 14 T 0-5 80 2 2/14 4 fairly loose, 10 tigh t Good Fresh
9 12 T 0-5 90 1 4/12 Fairly good .................. Fresh
20 13 N 12-5 90 2 0/13 12 fairly good, 1 tigh t Good ................ Twice usi
Fine-w oolled Dow n 11 14 T 0-3 90 1 0/11 Rather tight ................ Once usei
lambs 10 14 T 0-5 91 1 0/14 1 rather tight, 13 fairly
good ............................. Twice use
Fine-w oolled Down 14 13 T 1 0 90 1 3/13 Very good F'resh
sheep
Crossbred sheep 26 10 N 12-5 70 2 0/10 Beginning to loosen .... Good, a few tigh t
necks ................ Tw ice use
Strong sheep ................ 13 12 T 0-5 90 2 0/12 Tight except for bellies Good Fresh-
21 11 N 25 90 2 0/11 1 good ............................. 4 rather tigh t, 6
good ................ Fresh
24 11 N 25 90 2-3 0/11 Beginning to loosen .... 2 days, 6 good
3 days, all good Fresh
12 11 T 0-5 90 2 0 /1 1 Tight except for bellies Good Twice us
* N = N erco zy m e  S, T = T ak am in e  H.T. 
t  2 days except in Expt. N o . 24.
On the whole the neck areas tended to be rather tight and 
frequently had to be clipped, whereas the remainder of the skin 
pulled well. Occasionally, an odd skin in a pack would be tight 
along the whole length of the backbone. Lumps of sub-cutaneous 
fat in the tail area not removed in fleshing also sometimes caused 
tight patches to be left. The use of a stronger paint on the neck and 
backbone areas, up to three times the strength of the body area, was
t  Unless otherwise stated a 3 % lime suspension was us 
FoijTe-use 1% lime and,0'l%  N a 2S were added.
tried but gave such little iir 
cost.
Blistered grain occurre 
was independent of the pro 
the raw skin rather than of 
was apparent in any case 
attempt was made to pull t
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strong-woolled types require twice as much enzyme (or twice as 
long incubation) as the fine-woolled and that incubation would need 
to be twice as long at 80° as at 90° F; or for loosening at 80°F, it 
appears that rather more than twice as much enzyme would be 
required than at 90°. Only one of the experiments indicated con­
ditions for loosening at 70°F (12-5% Nercozyme, 2 days). In the 
experiments with fine-woolled lambs, loosening was achieved at 
90°F with 0 3% Takamine in 1 day, or 6-2% Nercozyme in 2 days 
and at 80° with 12-5% Nercozyme in 2 days; the indications were 
that at 80° rather more than 1% Takamine would be needed for 
loosening in 1 day, and rather more than 0 • 5 % Takamine for loosen­
ing in 2 days; 12-5% Nercozyme gave satisfactory loosening in 2 
days at 80°. With fine-woolled sheep, ;rather more than 0-5% 
Takamine would have been needed for satisfactory loosening in 1 
day, 0 • 5 % being sufficient in 2 days. With strong-woolled sheep at 
90°F, 0-5%  Takamine gave satisfactory loosening in 2  days, and 
25 % Nercozyme was not quite enough for 2-day loosening, but was 
satisfactory in 3 days.
Liming
Provided sulphide was present, residual wool was readily re­
moved after one day’s liming except from heavy strong-woolled 
Devon sheep which required at least two days. Some fine-woolled 
skins given four days liming were distinctly overlimed so that liming 
was restricted to three and later on to one day where possible. The 
blisters observed after pulling could only be detected in the limed 
state on badly affected skins by very careful examination.
Pelts given caustic soda treatment in place of lime were slightly 
more slippery to handle during trimming and fleshing but not unduly 
difficult. Residual wool, however, did not loosen so easily.
The shrinkage temperature of the pickled pelts '(depickled to 
pH 7-0) varied from 55-60°C. Longer liming tended to lower the 
Ts and treatment with caustic soda gave a lower T s than with lime. 
Some representative figures are given in Table I.
Pickled Pelts
These appeared perfectly satisfactory and there was no trace 
of staining, blistering or looseness.
Crust Basils
The pelts were tanned in three groups, Expts. 7-12, 13-23 and 
24-26. Skins from Expts. 13-23 were sorted in the pickle for suit­
ability for splitting; the numbers tanned into basils or splits (for 
skivers and chamois) are given in Table III.
The results are summarized in Table II, and are arranged under 
type of skin and decreasing quality of the basils. No clear cut
GREEN
T a b l e  III.
N u m b e r  o f  P e l t s  S p l i t  a n d  T a n n e d  i n t o  B a s i l s  i n  E x p e r i m e n t s  13-23.
E xperim ent
No.
Sp lit for 
skivers 
and cham ois
Tanned into 
basils
13 10 2
14 5 8
15 7 6
16 1 5
17 9 5
18 5 7
19 9 3
20 11 2
21 7 4
22 6 8
23 10 3
statement can be made as to the conditions of dewoolling and liming 
which gave the best basil leather since other factors such as the 
quality of the raw material and possibly the degree of mechanical 
action in the lime paddle play a part. No distinction can be made 
between the two enzyme preparations used nor the temperature of 
treatment over the range 21-32°C (70-90°F). The duration was 
the minimum required to give adequate wool loosening and residual 
sodium chlorite was present in all cases. There was no relation 
between the extent of blistering observed on the pulled pelts and 
looseness in the basils. The only positive elfect on the quality of the 
basils was due to the liming treatment. In general, caustic soda gave 
better leather than lime, and prolonged liming and the re-use of 
the lime liquor were detrimental.
Skivers and Chamois
The majority of the skins lost their markings in process so that 
it was not possible to relate the quality of the leather with the treat­
ment of the pelts. However, the majority of the skivers and all the 
chamois proved very satisfactory. A  few only of the skivers showed 
weakness, hardness or discoloration.
Wool
Representative samples of body wool from fine-woolled, cross­
bred and strong-woolled skins, pulled by the enzyme and sulphide 
processes were submitted to the British Wool Federation for expert 
evaluation and their report is given in the Appendix. It suggests 
that although the enzyme-pulled wool would probably fetch a higher 
price per lb. than sulphide-pulled wool, because it is cleaner, there 
might, for the same reason, be a lesser yield of pulled wool from the 
enzyme-treated skins, so that the overall return to the fellmonger 
might be the same by both processes. The assessors were not able
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to suggest whether or not the enzyme treatment would be detrimental 
to the wool, but it is in fact reasonable to hope that it might result 
in an improved quality of wool and, as the assessors point out, tests 
should be made to find how the enzyme-pulled wool behaves in the 
processes of the wool industry.
To the fellmonger, the enzyme treatment clearly offers practical 
advantages. It can be adapted to a mechanized spraying process, in 
which sulphide paints damage the wool. It would improve work­
ing conditions in fellmongering, and would greatly lessen effluent 
problems.
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A P P E N D IX
Report from the British Wool Federation
We have now had the samples which you sent to us assessed 
by people with knowledge of these wools.
The assessors say that the enzyme pulled wools are cleaner and 
more attractive in appearance than those pulled by the sulphide 
process. Although a buyer, considering the fine wools for topmaking 
purposes may prefer the enzyme pulled wools, the difference in 
appearance may not be so important to a woollen manufacturer or 
a carpet wools buyer who would be more interested in the stronger 
wools. The enzyme process appears to remove a larger amount of 
papillary than the sulphide process but if the amount removed is 
not normally higher than the percentage shown by the samples then 
it is not thought that any disadvantage would arise in subsequent 
processing.
On this question the experts said that they were not able to 
offer any opinion as to whether the enzyme process affected the 
structure of the fibre in such a way as to be detrimental to its per­
formance in the later stages of manufacture. They would recommend 
that tests be undertaken to obtain evidence on this aspect.
As far as value is concerned, the enzyme pulled wool is cleaner 
than the sulphide pulled wool and would accordingly have a higher 
clean yield and would command a proportionately higher price for 
the wool in its pulled state. The experts assessed a difference of 
between 2 and 3% on the fine wools and about 2% on the strong. 
They said, however, that from the fellmonger’s point of view there 
may be little financial advantage in the use of the enzyme process as 
it could result in a smaller weight of wool from the skin than would 
be obtained by the sulphide process. The only price difference which 
would arise would be caused by differences in yield and this would 
require to be balanced against any difference in fellmongering costs.
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An A bno rm al i ty  in the  Skin of  Sheep
T h k  n o r m a l  p r o c e d u r e  f o r  f e l l m o n g e r i n g  ( r e m o v i n g  
t h e  w o o l )  E n g l i s h  s h e e p  sk ir ts  is t o  p a i n t  t h e  i n n e r  
s u r f a c e  o f  t h e  f l a y e d  s k i n  w i t h  a p a s t e  o f  s o d i u m  
s u l p h i d e  s o l i d  io n  t h i c k e n e d  w i t h  l i m e .  A f t e r  a l lo w  in g  
t i m e  fo r  t h e  c h e m i c a l s  t o  p e n e t r a t e  i h o  d e r m i s  a n d  
d i s s o l v e  t h e  r o o f s  o f  t h e  w o o l ,  t h e  w o o l  is  p u l l e d .  
T h e  e p i d e r m i s  is  a l s o  r e m o v e d  a n d  t h e  p e l t  is  l e f t  in 
a s e m i - s w o l l e n  c o n d i t i o n .  T h e  p e l l  t h e n  g o e s  f o r w a r d  
t o  t h e  s u b s e q u e n t  p r o c e s s e s  o f  l e a t h e r  m a n u f a c t u r e .
Jn  t h e  c o u r s e  o f  w o r k  o n  a  n e w  m e t h o d  o f  fid 1 - 
m e n g e r i n g  i n v o l v i n g  t r e a t m e n t  w i t h  p r o t e o l y t i c  
e n z y m e s  in  p l a c e  o f  s u l p h i d e  a n d  l i m e ,  t h e  p e l t ,  w h i c h  
is c o m p l e t e l y  f l a c c i d  a n d  u n s w o l l e n  w h e n  t h e  w o o l  is 
p u l l e d ,  f r e q u e n t l y  s h o w e d  a  b l i s t e r e d  -e ffect  o n  t h e  
g r a i n  ( t h e  e p i d e r m i s  -- d e r m i s  j u n c t i o n  f o r m s  t h e  
g r a in  s u r fa .e e  o f  t h e  l e a t h e r ) .  T h e  b l i s t e r s  a p p e a r e d
Sc .  i 9 8 2
it sheep skin  
■hatched
.bowing areas  suscept ib le w  
a rc  those which m o s t  fre-
Di;ai tram u!
Th e  cross-hatcim  arcus
T;_. I. 
bl ister ing.
(picntly .-how the  defec t,  but it occasional!;.
line-shaded an
■xtrmls over  the
l ik e  s m a l l  a i r  b u b b l e s  u p  t o  a b o u t  3 m m .  in  d i a m e t e r  
t r a p p e d  u n d e r  t h e  g r a i n ,  a n d  t h e y  c o u l d  b o  p u s h e d  
a r o u n d  w i t h  t h e  f in g e r .  T h e y  o c c u r r e d  o n l y  o n  f in e -  
w o o l l e d  s k i n s  a n d  a l w a y s  in  t h e  a r e a s  a r o u n d  t h e  h i n d  
s h a n k s ,  o c c a s i o n a l l y  e x t e n d i n g  a c o n s i d e r a b l e  d i s ­
t a n c e  t o w a r d s  t h e  n e c k  ( F i g .  1). L a m b  s k i n s  w e r e  
a f f e c t e d  m o r e  t h a n  s l ic e ] )  s k i n s :  in s o m e  p a c k s  o f
l a m b  s k i n s  a s  m a n y  a s  4 0  p e r  c en t  w e r e  a f f e c t e d .  T h e  
p h e n o m e n o n  w a s  i n d e p e n d e n t  o f  t h e  t e m p e r a t u r e  o f  
t r e a t m e n t  o f  t tie s k i n s  o v e r  t h e  r a n g e  2 I 3 2 '  ('.
T h e  b l i s t e r s  w e r e  f o u n d  m i c r o s c o p i c a l l y  (p a ra f f in  
a n d  f r o z e n  s e c t i o n s  s t a i n e d  w i t h  a z u r e  A )  t o  b e  
a s s o c i a t e d  w i t h  c a v i t i e s  o c c u r r i n g  at a l l  l e v e l s  in t h e  
d e r m i s .  T h e y  w e r e  a l r e a d y  p r e s e n t  in t h e  u n t r e a t e d  
s k i n  a n d  h e n c e  w e r e  n o t  a  c o n d i t i o n  i n d u c e d  b y  
p r o c e s s i n g .  F i g .  2 s h o w s  t h e m  in  t h e  p a p i l l a r y  l a y e r  
. b e t w e e n  t h e  w o o l  f o l l i c l e s  o f  t h e  u n t r e a t e d  s k i n ,  a n d  
F i g .  3  in  t h e  d e r m i s  o f  t h e  s a m e  s e c t i o n  n e a r  t h e  
i n n e r  l i m i t i n g  l a y e r .  T h e  w a l l  o f  t h e  c a v i t y  s e e m s  t o  
b e  f o r m e d  b y  t h e  r e a r r a n g e m e n t ,  b u t  not  t h i c k e n i n g ,  
o f  o r d i n a r y  f ib re s  o f  t h e  d e r m i s .  N o  c o n t e n t s  s u c h  a-- 
f a t .  m i c r o - o r g a n i s m s  or  i n f e s t i n g  p a r a s i t e s  h a v e  b e e n  
o b s e r v e d  w i t h i n  t h e  c a v i t i e s .
'is'. 2. Pu p i l l a ry  la yer  of  b listered  sheep  skin -Un.vn, 
a v i t i e s  a mo ni: th e  liai r t n Hides  ( frozen  sect p m . a u ' C  .1.
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6 toxic effects o f simple 
w°od-deetroying fungi,
of Poria vaillantii 
rains to  Copper- 
ood Preservatives
causing brown rot in 
Yvx (Pers. ex Fr.) Cke., 
e., P . xantha (Fr.) Cke., 
much more resistant to 
pper salts than are most 
ut have been readily
inhibited by the copper-cl 
lives which are now in com 
block tests of wood preserv 
however, one strain of P . v  
unaffected by these pres arvatives at the usual 
concentrations, and the tolarance of various strains 
of the species was therefor 3 investigated by testing 
their ability to decay sawdr st treated with increasing 
concentrations of such preservatives, using a modi­
fication of the sawdust dish -  soil jar decay resistance 
test o f Da Costa and Rudir an2.
rome-arsenate preserva­
tion use1. During wood- 
atives in this laboratory, 
lillantii was found to be
A 4-gm. sample of air-dr}
the sapwood of Finns .rao iata D. Don was mixed
thoroughly with 7-5 ml. of 
tive solution, packed down 
to allow the preservative to 
through the sawdust partic 
wood components. The 
vacuum dried at 40° C. w 
0-4 gm. samples placed 
(1 in. diam. ; J in. high)
the appropriate preserva- 
tightly, and left 1-3 days 
distribute itself uniformly 
les and to react with the 
eated sawdust was then 
th frequent stirring, and 
1 n aluminium foil dishes 
with perforated bottoms.
Fig. 3. Dermis o f b listered sheep sk in , near the inner lim iting 
layer (frozen section, azure A. x c. 57)
No mention of this phenomenon is made by 
Seymour -Jones in his authoritative work on sheep 
skins1. Before sulphide and lime came into use, 
English skins were sweated, a bacterial process 
related to enzyme dewoolling but subject to much 
less control, which would leave the pelt in essentially 
the same flaccid condition as after enzyme treatment. 
It is possible that the condition was overlooked by 
Seymour-Jones, since the sweating process had long 
since been abandoned, or the breeds of sheep that 
were reared in the days of sweating were not subject 
to this phenomenon : there has been a progressive 
change in the types of sheep being bred over the past 
century. Apart from classifying the type of sheep 
subject to this blister as fine-woolled, no more exact 
designation can be given owing to  the large amount 
of cross-breeding that is carried out resulting in the 
receipt by the fellmonger of miscellaneous types of 
cross-bred skins. The failure to observe the blisters 
in recent years is m ost likely due to  the fact that the 
susceptible area is not often examined by leather 
microscopists, and to  the probable collapse of the 
cavities during manufacture of the skin into leather.
Note added in  proof. Since the above was written, 
Mr. J. Tate, who has been connected with the fell­
mongering industry for seventy years, has confirmed 
that sweated domestic sheep skins were subject to  
blistering, and the cause was unknown.
M a r y  D e m p s e y  
G .  H. G r e e n
British Leather Manufacturers’
Research Association,
Milton Park,
Egham. Jan. 15.
'Seymour-Jones, A ., "T he Sheep and  its  Skin” (The L eather T rades 
Review, London, 1913).
The dishes of sawdust were sterilized by fumigation
with propylene oxide and
the test fungus on thick filt< >r paper disks, soaked in a
solution of 2 per cent dex 
hydrolysate, 0-4 per cent 
crystalline magnesium sulp 
sium dihydrogen phosphate 
hydrochloride, and resting 
After incubation at 25° C 
hum idity for 5 weeks, the
and re-weighed and the amount of decay expressed
as the percentage loss in oi
Initial tests with a typics 1 proprietary preservative 
of the copper-chrome-arsei ate type (Table 1) showed 
that the high tolerance previously noted was not
shared by species of Poria
by all strains of P . vaillan iii. There were, however, 
three tolerant strains o f vei y  diverse origin, the most
tolerant being DFP4443,
originally from Pinus radii ta treated with a copper -
chromate preservative 
making further tests w it|i
commonly'used in highly fixed water-borne inorganic
preservatives of the metal
sulphate, 0-01, 0-015, 0-0 
0-12, 0-16, 0-24, 0-48, 0-64
T a b le  1 .  R e s i s t a n c e  o f  Poria s p p
P r b s k r  a t i v e
Species
Poria vapor- 
aria (Pers. ex 
F r .)  Cke. 
Poria xantha 
(F r.)  Cke. 
Poria sp.
Poria gericeo- 
mollis (R om .) 
Bax.
Poria vatil- 
antii (D.C. ex 
F r .)  Cke.
Iso la te
num ber
DFP-
2392
3839
6625
4911
3112
5227
2375
2446
4443
Origi 1
Englai d
Austra lit 
Austra lii
lia
Austra 
Austra 
Austra 
Engla: id 
C anada 
New 
Zealajnd
sawdust (23—72 mesh) of
laced 011 pure cultures of
rose, 0-4 per cent casein 
peptone, 0-05 per cent 
late, 0-15 pier cent potas- 
0-001 per cent thiamine 
in m oist soil in glass jars, 
and 99 per cent relative 
lishes were vacuum dried
en-dry weight.
f  similar habit, or indeed
which had been isolated
Tfhis strain was used for 
individual compounds
-chrome-arsenate type.
Each compound was tested in a wide range of 
concentrations (for example, crystalline copper
0-03, 0-04, 0-06, 0-08, 
‘molal’, where 1 ‘molal’
has 1 gm. molecular weight added to 1,000 gm. of 
sawdust), and certain con monly used combinations
t o  a  C o p p k r - C h r o m h - A r s b n a t k
* Gm. o f  d ry  sa lt added to  100 
t  Percentage loss In weight —
Amount of decay a t 
preservative concentra­
tion*
0-0 0 1 0-4 1-6 3-2 6-4
57t
63
64
17
64 89
gm. oven-dry sawdust.
1 lean of three replicates.
From  B.L.M.R.AV Laboratory Reports, 1956, Vol. X X X V , N o . 2—
G f H . G R E ' E N ' .
D . 8  c .  i 9 6 2
Fellmongering of Domestic Sheep Skins 
without Lime.
(Extra-Mural Experiment N o . 111.)
By J .  H . Bow es and  G. H . G reen.
- (With the co-operation o f Messrs. Strong, R aw le & Strong, Ltd. 
and James Garnar & Sons, Ltd.)
SYNOPSIS.
Two-dozen dom estic sheep skins were dewoolled with a 
paint consisting of sodium  sulphide solution thickened with 
kaolin, treated with caustic soda, neutralised, bated, pickled  
and tanned into basils. Pulling was a little more difficult 
than with a lime-thickened paint but could probably be 
improved by adding a little caustic soda to the paint. 
Fleshing was. hampered by the slippery nature o f the 
caustic soda-plumped pelts. The basils were indistinguish­
able from controls fellm ongered and treated in the usual 
way with lime, except that they tended to be rather less 
greasy.
CO NTENTS.
IN T R O D U C T IO N .
EX PE R IM E N T A L .
DISCU SSIO N.
IN T R O D U C T IO N .
The substitution of caustic soda for lime in the alkaline pre­
treatment of skins has recently been under consideration, and the 
advantages and disadvantages to be expected from such a substitu­
tion have been discussed*1,2).
In an experiment carried out on cape sheep skins intended for 
gloving leather, it was found that the leather produced was not 
essentially different from that obtained using lime, and there was 
no evidence that the greater swelling resulting from the use of 
caustic soda had led to any distortion of the fibre weave or loss 
o f substance*15. -
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The purpose of the present investigation was to ascertain whether 
satisfactory leather could also be produced from domestic sheep 
skins without the use of lime in the paint or liquors. The absence 
of lime in the paint should be of special benefit to the fellmonger, 
since it might be expected to reduce scouring difficulties and to 
lead to improved wool quality. Unfortunately no entirely satis­
factory substitute for lime in the paint has yet been found(2>. Ideally 
such a substitute should be water-soluble so that the effluent 
problem is reduced. Although reports from New Zealand ' 3 , 41 have 
indicated that water-soluble cellulose derivatives may be used, 
experiments carried out by the Research Association have shown 
that they are not suitable when used alone, though the addition of 
small amounts of starch to kaolin paints may be beneficial'2’.
In the absence of a more suitable alternative, kaolin was used 
in the present experiment. A  higher sodium sulphide concentration 
than normal was used in order to compensate for the absence of a 
reserve of alkali and for the retention of the sodium sulphide 
solution by the kaolin.
E X PE R IM E N T A L .
Four-dozen wet-salted domestic sheep skins, selected at random 
from a pack after soaking, were divided into two sets of two-dozen 
each. One set, which acted as controls, were put through the normal 
process comprising painting with 3-5% sodium sulphide (Na2S) 
solution thickened with lime, piling overnight, pulling, washing, pit 
liming for six days in straight lime, fleshing, deliming, bating, and 
pickling.
The second set were painted with 6  • 7 % sodium sulphide solution 
thickened with kaolin as follows:
A. (12 skins) 16 lb. N a2S solution 9 \  lb. kaolin
B. (12 skins) 16 lb. N a2S solution lb. kaolin
Paint A  was a little thicker than the standard lime-thickened paint, 
whilst paint B was about the same consistency. The skins from the 
two sets were placed alternately in the same pile to avoid possible 
differences in heating up of the piles.
Skins painted with A pulled better than those painted with B, 
but were still somewhat tighter than those painted with the lime- 
thickened paint. The pH of the grain surface of the pulled skins
(paint A, 11-9; paint B, 11-0; lime-thickened paint, 11; 8 ) suggest
that this difference between A and B was probably connected with 
the amount of paint put on the skins, the thicker paint A being 
applied more heavily.
The experimental pelts were washed, paddled with 60 gal. water 
containing 0-15% caustic soda and 0-1%  sodium sulphide (Na2S). 
The paddle was subsequently run twice a day for six days. The 
initial pH  of the liquor was 12-4, falling to 12-3 after three days,
252
B O W E S  A N D  G R E E N
and 12-2 after six days. All the residual wool was removed as 
pulp. The pelts were very swollen and the grain appeared rather 
drawn. They were fleshed after three days, and this tended to reduce 
the drawn appearance. Their slippery nature caused' some difficulty 
in fleshing, but this was gradually overcome as experience was 
gained. The pelts were neutralised by paddling for 1 h with \ \%  
ammonium chloride in 1 2 0  gal. water, then bated and pickled 
together with a full pack of ordinary pelts including the 2 -dozen 
skins which were fellmongered with lime at the same time as the 
experimental skins.
In the pickled state the grain surface had a distinctly smoother 
and more slippery feel than the normal limed stock; this was 
probably due to their being rather less greasy (see below).
The whole 4-dozen skins were tanned into basils together with 
a full pack, and inspected in the warehouse. The only detectable 
difference between the limed and the lime-free skins was that the 
latter were somewhat less greasy.
DISCU SSIO N.
In a normal fellmongering paint the alkali requirement of the 
skin protein is partially provided by the lime used for thickening. 
In a kaolin paint the whole of this alkali demand has to be provided 
by the sodium sulphide, and in addition allowance has to be made 
for the relatively large amount of the sodium sulphide solution 
which is retained by the kaolin. For this reason a much higher 
concentration of sodium sulphide was used in the experimental 
paint than in the normal lime paint used by the tannery. Even so, 
the amount used was barely sufficient, better pulling being obtained 
when the volume of paint put on the skins was slightly increased. 
Additional alkali could be provided by increasing the sodium 
sulphide concentration still further, or preferably by the addition 
of a small amount of caustic soda. Pre-soaking of the skins in 
sodium carbonate solution as suggested by Gillespie and Lennox(5) 
is another possible alternative, but the reduction in alkali require­
ment achieved hardly seems worth the increased cost and labour(6).
The use of a kaolin-thickened paint does not offer a solution of 
the effluent problem, there is no reduction in Suspended solids and 
the increased amounts of sulphide required actually increases the 
problem. The extent to which sodium hydroxide can be added to 
the paint and the sodium sulphide reduced might be worth 
consideration.
It is possible that the use of a small amount of starch or flour, 
, as suggested by Pattinson(3,4) might reduce the total solids in either 
a lime or kaolin paint, but this advantage may be more than counter­
balanced by the difficulties of settling and filtering and by the 
increased retention of the sodium sulphide on the surface of the 
skin.
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Apart from the difficulty of finding a completely satisfactory 
paint, the processing of the skins without lime appears to offer no 
great difficulties. More strict control is required and fleshing opera­
tions may have to be slightly modified. The lower incidence of 
greasiness observed in the basils processed without lime suggests 
that less degreasing will be required and that problems associated 
with grease will be reduced.
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H EATING  OF PAINTED SHEEPSKINS IN  P IL E : ITS CAUSE AND 
INFLUENCE ON THE QUALITY O F BASILS AND CHROM E GLOVING 
LEA TH ER  W ITH RELATIO N  TO PA IN T COMPOSITION.
By G. H. Green.
Summary. ;
The heating in pile o f  sheepskins painted with lime-sulphide paint 
has been shown to be due to bacterial growth on the damp, dirty w ool 
or hair. Factors influencing heating are discussed. Soaking the skins in, 
or spraying, the w ool with dilute solutions o f antiseptic prevented or 
delayed the onset o f  heating.
N o  damage was observed on pickled pelts or on basils tanned from  
lamb skins painted with paint containing 2% sodium sulphide (as N a 2S) 
which heated to 88-92 °F , but these conditions are less severe than  
m ay attain in practice. Grain damage occurred on gloving leather 
under these conditions but was much less on skins painted with a 
sodium  hydrosulphide paint of the same sulphide content which heated  
to 87-88 °F. T he results indicate' that damage is related to both  
alkalinity o f  the paint and temperature reached in pile, and also to the 
type o f leather produced from  the pelt.
The usual practice in the fellmongering of domestic sheepskins in Great 
Britain is to paint the skins on the flesh side with a solution of sodium sulphide, 
or occasionally sodium hydrosulphide, thickened with lime. They are then 
folded along the backbone and piled in pairs, usually backbone to backbone, 
on a slatted wooden support or stillage. Some pairs are placed at right-angles 
to bond the pile together. Fellmongers having large areas of floor space may 
spread the folded skins singly, but most often they are laid in piles varying 
in height from one to four feet. Most fellmongers make a lower pile in summer
than in winter. The painted skins remain in pile overnight (13-24 h) then are 
broken down and the wool pulled. During the period in pile, heating takes 
place: this heating is greater and the piles reach higher temperatures in 
summer than in winter, accounting for the difference in heights of piles between 
these seasons, and varies with the type and length of the wool. Unshorn sheep 
(hoggets or tegs) heat to the greatest extent.
It is generally believed that the defect known as “wasted flesh”, recognised 
in the pickle or in the basil as a reduction in substance particularly in the flanks, 
is caused by overheating of the skins in pile. Other faults such as “dull grain” 
and “lime speck” have also been attributed to the same cause.
The present investigation had four objects, to establish
(i) whether heating in pile is universal with all types of skins at all 
fellmongeries;
(ii) the degree of heating normally experienced;
(iii) the temperature distribution within a heating pile, and
(iv) the nature of the damage produced at temperatures considered by 
the fellmonger to be dangerous.
As the alkalinity of the paint may influence the occurrence or degree of 
damage, skins were treated with both sulphide and hydrosulphide paints.
)
I. Variation in Extent of Heating with Type of Skin and with Fellmongery.
Readings were taken at seven fellmongeries dealing with a variety of types 
of skin, and all conditions were those normally employed except in the case 
of Fellmongery G where in some cases the period in pile was extended beyond 
one day. Maximum thermometers were placed in the centres of the piles as 
they were made up, and the maximum temperature reached, and also that of 
the atmosphere over the same period, were recorded. The results summarised 
in Table I show that heating is just as likely to occur with hair as with wool 
sheepskins, also heating is not universal but occurs at some fellmongeries and 
not at others. As there are so many variables, e.g., types of skin, height of pile, 
initial atmospheric temperature, it has been impossible to correlate tempera­
ture rise, where it does occur, with any single variable. In addition, the fresh­
ness of the skin, time and temperature of soak, interval between soaking and 
painting, wetness of the wool, etc., may all be influencing factors. The problem 
may, however, be approached from another angle. If we know why skins heat 
in pile we may be able to deduce on theoretical grounds which factors are con­
tributory, hence why some fellmongers get heating whilst others working a 
similar class of skin do not.
II. Factors Causing Heating in Pile.
The following causes have been proposed at various times:
. 1. Heat of interaction of the paint with the pelt substance.
2. H eat of interaction of the paint with the wool roots and epidermis.
3. ‘ Bacterial growth on the wool grease and suint.
4. Bacterial growth on the wool.
5. Oxidation of the wool grease.
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Four of these may be ruled out by various considerations and experimental 
evidence. Finely cut up pieces of pelt on immersion in a lime-sulphide paint 
produced no detectable rise in temperature (i.e., less than 05° F) .  The belief 
of one fellmonger that his skins did not heat appreciably because he used a 
hydrosulphide paint without lime is without foundation. Immersion of wool 
in the paint also caused no significant rise in temperature. Clipped wool was 
used in this experiment and it may be argued that the pre-keratin of the wool 
roots and lower layers of the epidermis may be more reactive. However, the 
ratio of wool to paint was far higher in this experiment than would occur in 
practice and would far outweigh any possible difference in reactivity in the 
two forms of keratin.
It is well known that wool after being pulled should not be left around in 
heaps otherwise it heats up. If it is first dried it may be stored in pile indefinitely. 
Furthermore, damp wool does not heat indefinitely until it combusts, e.g., like 
a haystack, but a maximum temperature of some 90-100°F  is reached. These 
facts point to a bacterial process as against a chemical oxidation. On the other 
hand, wool pulled from sweated skins, and pied wool, are both subject to 
spontaneous combustion where stored dry, and here a chemical oxidation of 
the body fats which contaminate the wool is involved1.
We are left with the question whether the bacteria attack the grease and 
suint or the wool itself. It was shown in the laboratory that wet, clipped wool 
will heat up, whereas the same wool after scouring does not. Woolskin dressers 
find that sheepskins left about in piles rapidly heat up, whereas if scoured they 
may be left several days without danger. As scouring will remove not only the 
grease and suint but also the bulk of the bacteria, these observations do not 
provide a complete answer to the cause of heating. However, wool is relatively 
resistant to bacterial attack and is only attacked rapidly under anaerobic con­
ditions to suffer discoloration, tendering, and uneven dyeing. Fellmongered 
wool is of high quality and does not suffer from any of these faults. Grease 
and suint, on the other hand, provide a most nutritious medium for bacterial 
growth and it is here that we must find the cause of heating of painted sheep­
skins in pile.
What factors will influence the extent to which a skin will heat in pile? 
These are as follows :
1. Length of the Wool.
The longer the wool the greater is the proportion of the pile occupied by 
wool, hence more heat will be produced in a pile of long-woolled skins than 
in the same size pile of short-woolled skins. In  addition, because there is more 
air trapped by the longer wool the specific heat of the pile will be less and so 
the pile will heat up more rapidly. It is generally believed in the fellmongering 
industry that long woolled skins heat more than short-woolled.
2. Thickness of the Wool.
A coarse-woolled sheep has fewer wool fibres per unit area and also a 
much lower wool surface area than a fine-woolled sheep. Fine-woolled sheep­
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skins should therefore heat to a greater extent than coarse-woolled. The results 
at Fellmongery E confirm this, but in view of possible unknown differences 
in conditions between those two experiments, the point cannot be regarded as 
proved.
3. Grease Content of the Wool.
Greasier wools may be expected to heat to a greater extent as more 
bacterial food is p resen t.
4. Cleanliness of the Wool.
This will depend partly on the cleanliness before being put into work and 
partly on the efficiency of washing prior to painting. No fellmonger scours his 
skins with a detergent, but efficient washing with water alone, as in a deburring 
machine, will remove all the dung, general dirt and suint, and probably the 
bulk of the bacteria. Soaking in water alone is not particularly efficient, in fact 
it may help to distribute the bacteria more uniformly over the fibres, though 
suint should mostly be removed. No data has yet been assembled to correlate 
the efficiency of washing with the incidence of heating.
5. Residual Moisture in the Wool.
The wetter the wool the more heat will be required to be generated to 
raise the temperature of the pile per degree. Also, as heat is lost by evapora­
tion of water from the surface of the pile, the wetter the wool is, the longer 
this effect will last. Is it borne out by experience that well-drained skins heat 
more readily.
6. Atmospheric Temperature.
Bacteria normally present on wool have their optimum temperature of 
growth between 70°-100°F. Below 70°F bacterial growth becomes progres­
sively slower, and below 50°F can be considered negligibly slow for practical 
purposes. As growth preceeds, heat is developed and the rate of growth 
accelerates. The higher the atmospheric temperature, during piling in 
particular, the more rapid will be development of heat. .
7. Humidity of the Atmosphere.
Most fellmongeries have their skins piled in the vicinity of the soak pits, 
and the floors are usually wet, so that evaporation of water will play some part 
in cooling the atmosphere. Evaporation from the pile itself will help to cool 
the pile. A t high atmospheric humidities evaporation will be reduced. Most 
fellmongers agree that sultry weather is conducive to heating in pile.
8. Ventilation.
This will play a part in regulating both humidity and temperature. Ade­
quate ventilation will prevent the humidity rising and reduce heating of the 
shed by direct rays of the sun.
9. H eight of the Pile.
Heat is lost from all surfaces of the pile, so that the greater the ratio of 
surface to volume the greater will be the rate of loss of heat. This ratio will 
be less the higher the pile. As the height increases, relatively more heat is lost
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from the sides as compared with the top and bottom until a point is reached 
where further increase has no effect.
10. S iz e  o f  t h e  S k in s .
Larger skins will produce a pile of larger dimensions, which being better 
insulated will heat to a greater extent.
11. S o a k in g  C o n d it i o n s .
Bacteria present on the dry wool are either in spore form or in a dormant 
state, and when conditions become favourable for growth, i.e., on wetting the 
wool, the bacteria do not immediately begin to grow and reproduce but there 
is a lag period. This will be shorter the warmer the temperature. Thus, warm 
or prolonged soaks will reduce or eliminate the lag period and active growth 
in the pile will occur earlier or be in progress at the time of piling. The use 
of old or partly used soak liquors containing actively growing bacteria which 
would settle on the wool would also be conducive to heating in pile. On the 
other hand, the introduction of antiseptics into the soak liquor would delay or 
prevent bacterial growth whilst in soak and also in pile.
12. D e l a y  b e t w e e n  So a k in g  a n d  P il in g .
Any delay at this stage where the skins are horsed up to drain is equivalent 
to an extension of the time of soaking and piling. Taken in conjunction with 
the effect of residual moisture in the wool it follows that to minimise heating, 
horsing should be as short as possible, with just enough water drained off to 
make the skins convenient to handle.
One belief prevalent in the fellmongering industry is that stale skins heat 
more readily than fresh ones. There is not much theoretical evidence for this. 
Staling involves growth of bacteria on the pelt. Only if the wool is wet during 
staling will bacteria be able to develop on the wool with a consequent reduction 
or elimination of the lag phase in pile.
III. Temperature Distribution within a Heating Pile.
Salted domestic lambskins were soaked for two days, put through a wash­
ing machine, drained by horsing, and painted. The skins were folded along 
the backbone and piled in pairs backbone to backbone on stillages. Two piles 
were made, a normal pile 23 in. high comprising 19 skins in each stack, and a 
special pile 31 in. high with 26 skins in each stack. Thermocouple wires were 
laid between each or alternate layers of skins during the piling and tempera­
tures were measured after 22 h, prior to breaking down the piles. The 
temperature distributions are shown graphically in Fig. 1 (curves A and B). 
The maximum temperature occurred about the middle of the pile, though 
somewhat nearer the top than the bottom. With increasing height the maxi­
mum temperature does not increase indefinitely but the original sharp maxi­
mum tends to level off, the temperature gradients at the top and bottom of the 
pile remaining the same.
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IV. Influence of Scouring the Wool or Soaking the Skins in Antiseptic Solution
on Heating in Pile.
Simultaneously with the above experiment a batch of the same skins were 
scoured for 1 h at 95°F in 0-3% solution of sulphated fatty alcohol, using a 
large float of water. They were drained for the same period as the other skins, 
then painted and piled. The temperature distribution within the pile (Fig. 1, 
curve C) shows that a little heating has occurred but is much less than with 
unscoured skins. The wool could be regarded as much cleaner and freer from 
grease than on any skins cleaned by normal fellmongering practice, yet still a 
little heating has occurred. The observation that skins cleaned in a deburring 
machine, the most efficient method in use in a fellmongery, will heat appreci­
ably under suitable conditions, is not surprising in view of these results.
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Subsequent experiments carried out in connection with enzyme dewool- 
ling studies, showed that by soaking the skins in, or spraying the wool with 
antiseptic solution, the onset of heating was considerably delayed. The figures 
for the antiseptic-treated skins are summarised in Table II. No control experi­
ments without antiseptic were carried out once it had been established that 
unless the skins were treated with antiseptic severe heating occurred within 
24 hours.
TABLE II.
Influence o f Antiseptics in D elaying the Onset o f Heating in Pile.
AH skins were first soaked in water and broken over in a deburring machine.
Expt. Type o f skin Antiseptic treatment
N o . o f 
skins in 
single 
stack
Dura­
tion Temperature, °F  
in pile, Atm os- Centre 
days phere o f  pile
1 Dried Australian Overnight soak in 0-2% 6 0 65
merino and cresylic acid, hydroed 1 65 65
crossbred 2 93-95 99
3 94 124
2 Dried Australian Overnight soak in 13-14 0 64-70 61
and N ew  Zealand 0-02 % sodium chlorite, 1 60 60
crossbred drained 2 h. 2 50-76 62
3 Dried Australian 2 h. soak in 0 ‘0 2 % 13-14 0 70 70
crossbred sodium  chlorite at 1 66 72
75 °F., drained 2 h. 2 65 120
4 Dry-salted Cape Sprayed on w ool side 12-13 0 66 66
merino with 0'5% sodium 1 66 66
chlorite 2 66 66
Y. Influence of Temperature in Pile and Paint Alkalinity on Damage to Pelt
and Leather.
A n attempt was made to produce the type of damage to basils and gloving 
leather normally associated with heating in pile. In  spite of the fact that the 
experiment was carried out in the summer months with abnormally high piles 
covered with tarpaulin to limit heat losses, the maximum temperature reached 
was only 92 °F which is well below that known to occur occasionally in practice.
Chrome tanned gloving leather dressed from lamb pelts painted with a 
lime-thickened paint containing 2% sodium sulphide (as N a2S) showed pro­
nounced grain damage where the temperature in pile reached 88-92°F, whereas 
the same leather from skins painted with hydrosulphide paint with the same 
sulphide content, which heated to 87-88°F showed very much less damage.
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Dull grain was confined to skins from the sulphide paint and was independent 
of the tem perature: it was also much more prevalent on skins dressed by one 
tanner than by another. On the other hand, neither the pelts themselves (in­
spected in the pickle) nor basils from skins that reached the highest tempera­
tures showed any grain damage or wasted flesh. The presence of grain damage 
in the gloving skins in contrast to the basils is undoubtedly due to the former 
receiving more mechanical treatment after fellmongering.
The absence of damage to the basils may have been due to an insufficiently 
high temperature being reached and possibly also to the rather low sulphide 
content of the paint. I t is hoped to extend the range of this experiment to cover 
both higher temperatures and sulphide concentrations and to report the com­
bined results in full detail in a subsequent paper.
The Author is indebted to the Director and Council of the British Leather 
Manufacturers’ Research Association for permission to publish this paper 
and to Messrs. Strong, Rawle & Strong, Ltd. for providing the fellmongering 
facilities.
The British L eather M anufacturers’ Research A ssociation ,
M ilton  Park, Egham, Surrey. Received 12th M ay, 1958.
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SUM M ARY.
The literature on the mechanism o f bating is reviewed historically. 
Although numerous theories have been proposed, none has been universally 
accepted as explaining all the known effects o f bating on the pelt and on the 
leather therefrom.
Early investigations on bating were concerned with the nature of the bate 
rather than with the mechanism of bating action, and it was only after Wood 
had elucidated that the active ingredient of a bate was a proteolytic enzyme 
(the deliming action was long known) that any study of its action on skin 
began.
A number of reviews of the literature on bating have already appeared, 
notably the very comprehensive one by Herfeld (1938) based in part on that 
of Stiasny (1931). These reviews list the investigations in sections under the 
various suggested mechanisms of bating. The present review has been arranged 
in chronological order so as to present a historical .picture of the phases through 
which ideas have passed during the past 45 years. Work dealing with the 
action of proteolytic enzymes on collagen has, for the most part, been omitted. 
It represents rather a vast subject on its own, and has been adequately covered 
by Herfeld: very little more has been published since 1938 and this is included 
in the present review (excluding the action on heat-denatured collagen).
Prior to 1930, our knowledge of proteins in general was meagre and much 
of the work published before then is of little more than historical interest. 
However, in spite of recent rapid advances in protein science, and a consider­
able amount of work on the problem of bating, no universally accepted 
mechanism has yet been produced. Much of the literature consists of hypoth­
eses deduced from known facts, and observations of what occurs to the skin 
during bating, but a considerable proportion describes experiments designed 
to prove or disprove current or new theories.
The earliest workers regarded the removal or loosening of the scud as the 
essential feature of bating. Eberle (1910) described the scud as containing 
intercellular material, fatty matters and lime soaps. He does not suggest 
why the removal of these materials would affect the leather, nor how a proteo­
lytic enzyme would be expected to remove fatty matters and lime soaps. In an 
attempt to elucidate the mechanism of bating, Eberle and Krall (1911) under­
took an analysis of scud. The analysis was confined to the gross constituents 
and failed to yield any information as to actual mechanism.
Eitner (1911) discusses the modus operandi of dog dung bates and suggests 
that bating consists of “ removal of lime and accompanying substances, the 
liquefaction of that portion of the hide consisting of hair and contents of hair 
follicles which would decay and cause trouble, and, in the case of upper leather 
only, a larger quantity of interfibrillary matter to produce softness and elasti­
city.” Evidence for the decay of the hair and contents of the folicle is not 
given, nor any idea of the sort of trouble that may be caused. An explana­
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tion of why removal of interfibrillary matter should produce softness and 
elasticity is avoided. Both Eberle and Eitner have assumed, quite unjusti­
fiably on the evidence available, that because non-collagenous nitrogenous 
material is removed from the skin during bating, it is the reason for the develop­
ment of softness and elasticity in the leather. Eitner states also, again without 
evidence, that bating produces loosening of the fibres which aids absorption 
of tanning materials.
A paper by Rosenthal (1916) represents the commencement of the elastin 
phase of bating mechanism. He analysed calf and kid skin before and after 
bating with a dung bate for coagulable protein (5% salt extract), mucoid (lime 
water extract), elastin (digestion with pancreatin), collagen (digestion with 
pepsin) and keratin (residue). His results indicated a drop in elastin from 
12-19% for calf and 4-5%  for goat to almost zero. Moeller (1918) criticised 
this work on the grounds that it was already well known that pancreatin would 
dissolve elastin and that Rosenthal failed to explain how removal of elastin 
affected the properties of the skin and leather. Wilson (1920) commented 
that what had been proved was merely that bating removed almost to com­
pletion certain nitrogenous matter from the limed skin, but whether this was 
elastin or hide substance which had previously been attacked by lime appeared 
open to question. McLaughlin et al (1929) pointed out that the method of 
determining elastin was very evidently inaccurate as the figures were far in 
excess of what would be in skin.
The view that elastin is attacked by trypsin but that collagen- is resistant 
was also accepted by Moeller (1918). He asserts that the aim of the pre­
tanning processes is “ to remove as much elastin as possible without damaging 
the collagen fibres, and to convert it into a compound more like collagen in its 
behaviour towards tannins. The more completely this object is attained the 
greater will be the yield of leather and the higher its quality. Those leathers 
which contain much unaltered elastin have no great tensile strength, because 
although unaltered elastin is very elastic in the wet and dry state, it is not so 
after tanning when it possesses only slight elasticity and strength.” Moeller 
explains that overbating hides for sole leather is undesirable because the gaps 
left by the digested elastin will prevent a firm structure being obtained, whilst 
too much elastin is undesirable as it does not combine with as much tan as 
collagen, and tanned elastin is not as firm as tanned collagen.
Seymour-Jones (1918, 1920) described in considerable detail the effect of 
bating on the grain and corium of vegetable tanned sheep skin. It is the grain 
which contains all the elastin of the skin and he argues, like Moeller, that 
elastin will net form gelatin nor fix tan, so that its conversion, destruction or 
alteration is necessary before a skin will make sound leather. The act of 
cleansing the skin is subsidiary and capable of being done by most elementary 
means. The amount of elastin in a particular skin determines the rate at which 
ai skin falls during bating. He produced considerable experimental evidence 
to show that the effects of bating are confined almost entirely to the grain, and 
ascribes the hard, horny appearance of leather from an unbated sheep grain to 
the presence of undigested elastin. M arriott (1926) quite rightly points out
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that Seymour-Jones had overlooked the very important fact that, apart from 
the elastin content, the grain is structurally different from the corium.
Gautrelet and Thuau (1919) explain the chief role of a bate is “ to remove 
keratin from the surface, which would otherwise confer roughness. As 
keratin is not attacked by bating enzymes, it is the cells holding the keratin 
(i.e. the follicle walls) which must be digested, at the same time limiting degrada­
tion of the dermis to a minimum. It is, however, desirable to dissolve with care 
certain interstitial cellular material which will cause suppleness.” There is no 
experimental verification of either theory, and the keratin theory has never 
received any support.
Wilson (1920) inferred from stained sections of calf skin that elastin 
progressively disappears during bating, and he found it completely gone after 
24 hours. He confirmed Seymour-Jones’ view (1918) that elastin is confined 
to the grain and concluded that its digestion was the function of bating. 
M arriott (1921 (b) ) pointed out that 24 hours’ bating would be ruinous for 
calf skin, and that even after 6  hours’ bating the amount of elastin appeared 
little different from the original.
Wilson and Daub (1921) examined over 200 sections of calf skin stained 
with a great variety of stains, taken at various durations of bating, and failed 
to find any function of bating other than reducing skin to a condition of mini­
mum swelling and the digestion of elastin. ,
Wood (1921) held the view that it is not necessary, nor even desirable, 
for the whole of the elastin to be removed in order to let the skin down, but 
that it is sufficient for the elastin fibres to be broken up or weakened in order 
to obtain the desired suppleness.
M arriott (1921 (a))  examined the elastin theory critically. A piece of 
goat skin unhaired with acetic acid gave a softer leather than one limed and 
bated, yet elastin could clearly be detected in stained sections; also comparison 
of the elastin in calf and goat skin during bating showed that goat elastin 
disappeared before calf elastin, yet the former required the longer bating. 
From this he deduced that removal of elastin was not an essential of bating. 
Seymour-Jones (1920) had stated that gelatin is present in a used bate liquor, 
and M arriott had observed it in acid unhairing liquors. M arriott suggests 
that the gelatin comes from the cementing substance surrounding and binding 
the fibres, and so long as this remains, the final leather will be more or less 
hard. Lime will dissolve gelatin, hence a long liming requires only a short 
bating and vice-versa. The logical conclusion, that bating could be dispensed 
with altogether given a long enough liming, is not pursued.
Moeller (1922) also discards the elastin theory and proposes that bating 
consists of a continuation of hydrolysis commenced by the limes, i.e. the 
hydrolysis of interfibrillary cementing substances into smaller units which no 
longer precipitate with tanning materials and take no part in the tanning process. 
This is merely a theory without supporting evidence, and no attempt is made 
to explain how any interfibrillary material-tannin complex would affect the leather.
The Rohm & Haas Company (1922, 1923) considered, like Wood, that the 
elastin was far from completely digested, though histological examination of 
bated calf and goat skins showed the elastin fibres often thoroughly broken up.
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If all the elastin were removed, loose leather or at least a considerable amount of 
pipeyness would result. The most important function of bating is claimed to 
be the removal of scud. Lamb skins destined for gloving leather, scudded 
before bating yield a scud of cheesey consistency, whilst after bating it flows 
out like water. No mention is made whether removing the scud after deliming 
renders bating unnecessary, as would be expected on the basis of this theory. 
A later paper (1924) defines scud as sweat glands, hair roots and pigmentary 
matter. Unless the grain has been properly freed from scud, a uniform, clear 
colour will not result, nor will a high uniform glaze be possible. No attempt 
is made to explain the effect of scud in terms of the changes in the leather 
described by Seymour-Jones.
In discussing the staining of elastin in skin sections, Kuntzel (1925) states 
that the disappearance of the elastin colour reaction is the only change during 
bating which is recognisable histologically, but this does not justify the assump­
tion that elastin is removed. In fact it is altered so that it forms the same 
coloured compounds as collagen and thus can no longer be recognised. 
Collagen is also acted upon, but morphological and colouring properties of 
the fibres are not altered. In spite of this warning, and the evidence quoted 
above, Kuntzel still subscribes to the elastin theory.
M arriott (1926) considers the essential features of bating to be (a)athorough 
cleansing of the fibres and fibrils from interfibrillary substance and any collagen 
that has been degraded by the action of the lime liquor, (b) removal of lime and 
reduction of plumping, and (c) removal of scud. He lists the changes occurring 
in a skin during bating that any theory of bating must take into account, an 
important consideration that earlier authors have neglected, confining them­
selves to one or two aspects only. A series of experiments is described to 
support the theory that the principal action of the enzyme is the removal of 
degraded collagen. Any treatment of the skin that is conducive to gelatin 
formation results in a hard, horny leather. Such treatments cause the collagen 
fibres to stain a progressively deeper blue with Weigert’s elastin stain, and the 
change in colour is reversed on bating. M arriott regards the original form of 
the collagen (a-collagen) to be modified (/3-collagen) on the surface o f the 
fibres by the action of lime. /3-collagen is the intermediate between a-collagen 
and gelatin. The presence of /8-collagen in the tanned skin produces a ten­
dency to horniness. The question of porosity of the bated skin to air is rather 
glossed over; scud loosening is suggested as due to the breaking up of the 
network of elastin fibres surrounding the hair follicle; whilst silkiness of the 
grain is suggested as due to breakdown of the attachments of the erector pili 
muscles to the grain; the shortening of this muscle by plumping in the lime 
causes the grain to be raised. None of these last three points can be con­
sidered as having sound experimental support. Kuntzel and Pototschnig 
(1932) refute the /8-collagen theory on the grounds that a rapidly swollen 
collagen fibre is easily and completely digested by trypsin, but if first neutral­
ised it becomes resistant again. This reasoning is somewhat difficult to under­
stand. Merrill and Fleming (1927) argue that all the collagen is susceptible to 
digestion not merely M arriott’s /8-collagen, but overlook the fact that it may be a 
question of degree of susceptibility.
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A new theory based on the removal of keratin breakdown products 
(“ keratose ”) which if left in the skin are precipitated by the acid tan liquor, 
with consequent damage to the appearance of the grain surface of the leather, 
was introduced by Wilson and Merrill (1926) and Merrill and Fleming (1927). 
No direct experimental evidence is given, merely that alkali-solubilised hair 
is no longer precipitated by acid after digestion with trypsin. It is not sug­
gested why, since keratose is soluble in alkaline and neutral media, it should 
not dissolve in the lime and deliming liquors. The theory received little, 
if any, support, and was disproved experimentally by M cLaughlin et al (1929) 
and Anderson (1941).
McLaughlin et al (1929) reported on the changes in weight of hide, hide 
splits, elastin and involuntary muscle on passing through the various beam- 
house processes. The interpretation of such results is difficult as isolated 
tissues and even flesh and grain splits do not necessarily behave in the same way 
as in the intact skin. Moreover, involuntary muscle from uterus and elastin 
from ligamentum nuchae are so grossly dissimilar in structure from their 
counterparts in skin. It was observed that involuntary muscle swelled enor­
mously in lime compared with other tissues: the swelling was reduced in warm 
water and restored by plunging into cold water. The authors suggest that 
it is the contraction of the erector pili muscle that gives rise to the goose-flesh 
condition characteristic of unbated goat skin. The effect on calf skin is much 
less pronounced as the muscles are very much smaller than in the adult goat 
skin; also there are far more, so that the goose-flesh effect is very uniform 
and the grain feels smooth. An important fact that has been overlooked 
is that the raised grain of goat skin is quite dissimilar from goose-flesh on 
human skin (and presumably other skins too). In human goose-flesh the 
follicle lies at the summit of a small swelling or pimple and the hair stands up 
vertically; in swollen goat skin the follicles lie for the most part in the valleys 
between the raised areas and at a considerable angle to the vertical so that the 
hairs lie almost flat. The backbone area of a cat or porcupine skin should 
prove ideal to test whether swelling produces goose-flesh and raising of the 
angle of the follicles. This paper deals also with the role of interfibrillary 
matter, which if not removed in the soak is said to impede the action o f the 
lime and longer bating is therefore required. Even if completely removed in 
the soak some bating is required, which is said to be due to reticular tissue 
which is only partially digested in the lime.
Bergmann (1931) observed that /3-naphthalene sulphonic acid behaves 
towards limed pelt differently from other acids of the same pH in that it does 
not increase swelling and it increases the porosity of the pelt 1 0 - 2 0  times. 
However, a sweated pelt, or a limed pelt treated with papain or pancreatin 
swells in a normal manner with acid. Bergmann suggests that complexes are 
formed between the bating enzymes and collagen or collagen breakdown 
products which cause an alteration in the colloid chemical properties of the 
skin, and have an altered absorptive power for plant and mineral tanning 
materials. This theory is criticised by Kuntzel and Pototschnig (1932) who 
maintain that enzymes affect the physico-chemical state of collagen only in so 
far as they favour de-swelling.
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On the basis of an examination of many hundreds o f commercial bates all 
of which contained rennase in addition to tryptic enzymes, Lenk (1931) suggests 
that rennase is the active principle. Its action is to coagulate the collagen fibres 
just as it coagulates casein, but unlike commercial rennet which contains pepsin, 
the rennase of tryptic bates will act in neutral solution. The coagulation 
would explain the development of porosity to air; the loosening of scud, since 
it collects between the fibres; and the easier penetration of tan. No loss of 
substance should occur during bating, and if it does it is due to trypsin. Kuntzel 
and Pototschnig (1932) point out that the precipitation of casein by rennase is 
due to the acidity of the initial breakdown products, and that rennet cannot be 
used for bating. Anderson (1941) disproved the theory most convincingly.
A review of the subject by Stiasny (1931) lists the effects of bating under 
the following six headings, the first two being considered by him to be the most 
important as regards the finished leather: (1) Cleansing of the skin from epider­
mal residues, including hair roots, short hairs, epithelial tissue, fibroblasts and 
mast cells. After being digested by trypsin they are easily removed mechan­
ically. Their presence in the grain of the finished leather renders it rough, 
tender and discoloured. (2) Mild peptising action on the collagen fibres. 
This action, which is a structural and chemical loosening of the collagen fibres, 
results in the properties of smoothness and slipperiness of the grain, air 
permeability, finger impression and water expressibility of the bated pelt, 
and suppleness in the leather. (The evidence for those conclusions seems to 
be based on unpublished work by Kuntzel.) (3) Removal of connective 
tissue cells, which cement the fibrils into fibre bundles and affect the softness 
of the leather. (4) Saponification or emulsification of the skin fats. 
(5) Loosening of the subcutaneous cellular tissue. (6 ) Action on elastin.
Further experimental evidence to support his theory that the main pur­
pose of bating is to remove collagen degraded by the lime was produced by 
M arriott (1932). According to his results, alkali treatment renders collagen 
susceptible to tryptic attack in the following order of increasing effectiveness : 
N a2S (O .In ), lime plus hair, NaOH  (0 .0 5 n ) ,  lime plus Ca(HS) 2 ( 0 .0 5 n ) ,  lime, 
lime plus N a2S (O .In ). (These are more or less in order of increasing pH.) 
As these conditions were far removed from those of actual leather-making 
practice (alkali treatment 40 days, bating up to 4 days with much stronger 
enzyme than a normal bate), the investigation was more related to the influence 
of overliming and overbating, so that his conclusions cannot be regarded as 
applicable to normal practice.
In a series of papers on the nature of bating, Kuntzel and Pototschnig 
(1932) discuss the relation of liming to bating. Liming results in increased 
chromium absorption (this is not substantiated by more recent work), quicker 
vegetable tan penetration and greater stretch in the finished leather. These 
effects cannot be realised unless the pelt is fully depleted. More complete 
depletion was obtained in the order: water, ammonium salts, bate, boiled 
pancreatic digest of hide pow der: and it is explained that for effective depletion, 
protein breakdown products are necessary. (Moeller (1918) obtained similar 
results with a tryptic digest of elastin.) The breakdown products are produced 
during bating by enzyme action on non-collagenous material, though a certain
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amount of attack on the collagen cannot be avoided. In the swollen state the 
collagen fibres are attacked by trypsin, but only the outer fibrils when depleted. 
Kuntzel and Pototschnig did not tan a pelt “ bated ” with the boiled pancreatic 
digest to confirm the bating effect. It is quite probable, however, that boiling 
did not destroy the enzymes in the digest since the breakdown products exert a 
considerable stabilising effect. Some action on the collagen is regarded as 
indispensible as depletion depends in part on tensions within the fibre network 
pulling the de-swollen fibres back to their' original length. The fibrils in the 
grain are apparently not under so great a stress as those in the lower 
tissues, so that some weakening is necessary before they can be pulled to their 
original length; hence the importance of bating the grain as compared with the 
corium. The depleting action of the bate is said to result in a loosening of the 
fibre structure rendering it easily permeable. Both overliming and overbating 
will cause loss of nitrogen; the former causes loosening of the micelles (gelatin 
formation), the latter causes breakdown of the micelles to low molecular 
weight products.
Kaye (1936) observed that reticular tissue was untouched by bating with 
pancreatin, but was digested by bacterial action, and she suggests that this 
affords a possible explanation of the difference between artificial and dung 
bates. The breakdown of reticular tissue may be an advantage where a loose, 
stretchy leather is required. No experiments were carried out to confirm this.
Roddy and O’Flaherty (1939) showed that reticular tissue isolated from 
fat cell walls was not digested by trypsin, but on chrome tanning it dries out soft 
and leathery like collagen. Then they state, most surprisingly, that incomplete 
beamhouse treatment of skins does not result in opening up of the reticular 
tissue and causes harsh, tinny leather, whilst excessive rupture of it causes 
loose-fibred leather. In a discussion on this paper, Turley questions the 
justification of taking fat cell walls as reticular tissue.
In a critical review of bating theories, Anderson (1941) attempted to 
disprove certain hypotheses by experimental evidence. Lenk’s rennase theory 
was disproved by showing that goat skin could be satisfactorily bated with 
enzymes of low or zero rennase content (crystalline chymotrypsin) but not with 
an enzyme of high rennase but low proteolytic activity. The criteria of bating 
assessment were not given, nor were the skins tanned. Wilson’s keratose 
theory was disproved by drumming 1 % keratose into half a bated goat skin, 
which gave identical leather to the untreated half. (It cannot be assumed, 
however, that the keratose was redistributed in the same way as originally.) 
He showed that although bating removed a very large proportion of the inter­
fibrillary matter, its removal (by salt extraction) did not appear to influence 
the properties of the leather at all. In a further experiment, bated goat skins 
were relimed for \ \  and 8 days, respectively, delimed, tanned and finished: 
except for a little looseness in the longer relimed skin, reliming did not have any 
effect, all the characteristics of bating being retained. Therefore, neither 
removal of a swelling hysteresis (by mild peptisation of the collagen fibres 
according to Kuntzel and Pototschnig) nor a removal of a degradation product 
of a fibrous protein (M arriott’s ^-collagen) can account for the effects of bating. 
In other words, bating is not reversed by reliming, but involves either an
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irreversible modification of the collagen fibre, or the removal of an unwanted 
constituent of the pelt or a combination of such actions. The observation 
that a relimed pelt does not require re-bating is contrary to the generally 
accepted view of the practical tanner and also to the author’s own experience.
In a microscopical examination of sheep skins bated for gloving leather 
Pleass (1942) observed progressive opening up, separation of fibrils and dis­
organisation of the fibre weave: also a progressive decrease in elastin, during 
the course of bating. The finished leathers (unbated) showed a poorly opened 
up fibre structure, loosely woven with irregular open spaces. After 15 minutes’ 
bating the structure was more opened up and regularly woven, and even better 
after after 30 minutes. After 45 minutes’ the leather structure showed loose­
ness and less fine splitting, whilst the leather itself was loose and pipey. The 
progressive change in structure of the bated pelt would be explainable on the 
basis of depletion alone, but the results on the finished leather are rather 
confusing and indicate that the degree of sticking of the fibres during drying 
falls to a mimimum and then increases as bating as prolonged.
To try to confirm his earlier conclusions, Anderson (1945) measured the 
proteolytic activity of a variety of enzymes towards collagen (skin), elastic 
(ligamentum nuchae), involuntary muscle (uterus lining) and interfibrillary 
protein (skin) and compared the activities with their ability to bate pieces 
of goat skin. The assessment of bating was flatness and smoothness of the 
grain of the bated pelt after cooling in ice water. Bating efficiency was found to 
agree perfectly with their power to digest involuntary muscle, and Anderson 
concluded that the digestion of the hair muscle, at either end where it is 
anchored to the hair shaft and grain surface respectively, is sufficient to prevent 
raising of the grain when the muscle contracts on being suddenly cooled. It is 
unfortunate that the skins were not tanned to assess the effect on the leather. 
In further experiments in which whole skins were used and afterwards tanned 
it was observed that whilst Cl. sporogenes protease yielded a flatter grain, 
CL histolyticum protease yielded a more fallen pelt which after tanning and 
finishing showed distinct signs of overbating, yet the grain was not as smooth 
as that from a skin bated normally with commercial pancreatic bate. It is 
suggested that, after all, the falling of a skin may be connected with a mild 
peptisation of the collagen fibres. A number of criticisms can be raised 
against this work. (1) The pH  of both the digestion and bating experiments 
was 6.7 for the bacterial and 8.5 for the non-bacterial enzymes’. Whilst these 
may be optimum for their gelatinase activity (except papain whose optimum is 
pH5), 6.7 is too low for the action of bacterial proteases on insoluble sub­
strates. (2) The estimation of proteolytic activity on insoluble substrates by 
measuring the amount solubilised in a given period (8  hours) gives no indication 
of the rate of digestion and could be, in fact, a measure of the maximum extent 
of digestion. (3) The action of an enzyme on a finely divided substrate will 
not necessarily be the same as on the intact substrate in the skin because of 
surface area and diffusion effects. (4) The identity of ligamentum nuchae and 
skin elastin, and of uterus and hair muscle has not been conclusively established. 
(5) No mention is made of the number of skins used in the experiments with
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whole goat skins: they are so variable in quality that enough must be taken to 
ensure that experimental differences are statistically significant.
An observation that papain, whilst most effestive in digesting inter­
fibrillary protein, would not bate (pelt assessment only), is presented by 
Anderson as evidence against McLaughlin’s interfibrillary protein theory. 
Papain did, however, improve the bating action of chymotrypsin if added with 
it or. before, which is attributed to digestion of interfibrillary protein facilitat­
ing penetration of actual bating enzyme.
Gustavson (1949), following up work by Thaureaux and by Faure-Fremiet 
on the solubility of trypsin-treated collagen in hot water, suggests that trypsin 
acts on collagen to modify its structure without forming water-soluble degrada­
tion products. This alteration, which presumably involves weakening of 
intermicellar and intermolecular forces (cohesion) should, according to 
Gustavson, correspond to the light “ peptonisation ” of Stiasny (and Kuntzel 
and Pototschnig). The great, and probably insuperable, difficulty with this 
type of work, which is admitted, is to ensure that no active protease is left in 
the skin prior to heating in water, and he has not established that this was 
achieved.
In a general review of beamhouse processes, Kritzinger (1950) suggests 
that the removal of the hair roots after bating is probably made possible by the 
decreased swelling, whereby the follicles are opened up again. He also states, 
without evidence, that bating causes opening up of the structure by removal of 
interfibrillary proteins so enabling water and air to pass through freely.
An important advance in our knowledge of the action of proteolytic 
enzymes on collagen became possible with the introduction of the electron 
microscope. Borasky and Rogers (1952) were able to show that intact fibrils 
were resistant to tryptic attack. Prolonged alkali swelling or brief acid swelling 
caused filamentation of the fibrils, reducing their shrinkage temperature to 
below 40°C. and rendering them readily digestible by trypsin at 37°C. Enzymic 
digestion of collagen can be considered a two-stage process ; firstly, a break­
down of the fibrils into filaments or water-soluble products such as gelatin, 
secondly, the enzyme attack. Bating, if properly conducted, merely removes 
non-collagenous proteins and any collagen degraded in prior beamhouse treat­
ment. However, prolonged heating at 30-37°C. also causes filamentation, 
hence overbating will cause a definite loss of hide substance. The resistance 
of normal fibrils, but the lability of non-striated fibrils and amorphous material, 
to trypsin at 37°C. was also reported by Tunbridge et al (1952). This action 
of bating as essentially a cleaning-up process was accepted by Burton and Reed 
(1953), but neither they nor Borasky and Rogers made any attempt to interpret 
this action in terms of changes observed in the pelt or in the leather, nor did 
they consider the possible identity of filamented collagen fibrils and M arriott’s 
jS-collagen.
Pfanmuller (1954) supports the view (cf. Kuntzel and Pototschnig) that 
the rate of deliming is greater in the presence of a proteolytic enzyme and offers 
a possible explanation that the enzyme breaks down and solubilises certain 
products of alkaline beamhouse treatment which resemble gelatin, thus enabling 
the deliming agent to penetrate more readily. Bating results in the removal
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of broken down proteins which would otherwise cause a gluing together of the 
leather fibres. No experimental evidence for this statement is given.
The position regarding the mechanism of bating is thus far from settled. 
None of the theories so far proposed has been supported by unequivocal 
experimental evidence, and conversely, many experimental observations are 
capable of more than one interpretation. There is yet to be produced a theory, 
possibly based on a multiplicity, of mechanisms, which will satisfactorily 
explain all the known facts about bating and enable other phenomena con­
nected with bating to be predicted. It may also provide an answer to another 
unsolved problem, how best to evaluate bating enzymes in the laboratory. 
Both these questions will be dealt with in subsequent papers in this series.
The author is indebted to the Director and Council o f the British Leather 
M anufacturers’ Research Association for permission to publish this paper.
B ritish  Leather M anufacturers' Research A ssociation,
M ilton  P ark ,
Egham , Surrey.
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INVESTIGATIONS ON BATING.
Part II.—The Laboratory Evaluation of Bating Activity.
By G. H. Green.
SUM M ARY.
The gelatin viscosity reduction method for the determination o f proteo­
lytic activity o f  enzymes has been examined and put on a quantitative basis.
A unit o f  gelatinase activity has been defined.. The gelatin substrate falls 
in viscosity continuously on storage at 20° but remains constant at 0-4°, but 
even after two months at the higher temperature the apparent activity o f  
trypsin towards if remained the same.
Electrolytes lower the viscosity o f  the substrate but do not affect the 
determination unless the enzymes themselves are inhibited. Ammonium  
salts at a concentration which may be present in a bate paddle caused severe 
inhibition o f  Bacillus subtilis  pro tease at pH 6-8. An excellent correla­
tion was obtained between gelatinase activity and bating activity as assessed 
by laboratory bating and chrome tannage o f pieces o f goatskins with a 
wide variety o f  enzymes. B. subtilis protease alone gave inferior results due 
to the presence o f  ammonium salts in the bate. Recommendations have 
been made for the use o f the gelatin viscosity method for evaluating bating 
materials. -
A quantitative method for assaying the activity o f  proteolytic enzymes 
towards digestion o f  limed involuntary muscle (pig uterus) has been 
described. The influences o f electrolytes and pH have been examined and 
these are not the same as for gelatin. Reasons for this are suggested.'
There was no correlation between involuntary muscle digesting activity and 
bating activity.
In the course of work on the mechanism of bating (Part III) 1 it was 
necessary to have a method for determining the proteolytic activity of bate 
liquors which would be fairly rapid and sensitive enough to measure the low 
activities norm ally. encountered. It was further required to find a method 
which, using a convenient and reproducible substrate, would give a true measure 
of bating activity towards sk in ." Numerous National and International 
Committees2 - 6  and others7’ 8 have debated whether any suitable substrate 
method combination exists. That relative activities differ widely according to 
the method used has been shown quite clearly9-13. Also, bates with the same 
activity on a synthetic substrate may have different bating powers14’ 15. Even 
different methods of assay on the same substrate may yield different results. 
In many methods, incomplete extraction of the enzyme from the wood flour 
would account for divergencies between methods16 - 18. It is clear from the work 
of Anderson19, who showed that crystalline chrymOtrypsin would bate skin, 
that proteinase action is involved and it is hardly likely that peptidases would 
have any influence, except possibly indirectly by facilitating bacterial growth. 
Yet many methods proposed for evaluating bating materials measure peptidase 
activity to a greater or lesser extent20-22.
The two substrates most generally advocated for the assay of bating 
materials are casein and gelatin. Casein is preferred by some as it is available 
in quantity in a high degree of purity and contains all the important amino 
acids23- 24 whereas gelatin is deficient in tyrosine and tryptophane. Gelatin, 
on the other hand, is derived from skin and resembles collagen12’ 21> 25> 26 
though it is not suggested that gelatin or collagen removal is an essential part 
of bating. ' '
Of the methods for evaluating proteinase activity as distinct from peptidase
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activity, the viscosity method has the advantage of simplicity and sensitivity. 
Its use with gelatin solutions has been extensive both in the leather industry and 
elsewhere22’25> 27-34 and recently a casein viscosity method has been proposed24.
The gelatin viscosity method was selected for use with bate liquors on 
account of its sensitivity and speed. In addition, work on the mechanism of 
bating (Part III1) subsequently indicated that gelatin should be the ideal sub­
strate for evaluating bates, since bating was found to involve the removal of 
gelatin formed by the action of lime on collagen. However,- before this work 
was complete, attention was also centred on the breakdown of the erector pili 
muscle, since according to Anderson’s results19 there was a correlation between 
breakdown of limed involuntary muscle and ability to produce a flat grain 
during bating. Anderson’s experimental methods have been criticised by the 
author35 and it was considered desirable to repeat this work. Whilst an alterna­
tive hypothesis has been proposed for the development of a flat grain1 the 
results obtained with involuntary muscle as a substrate are interesting from other 
aspects.
The Gelatin Viscosity Method.
The viscometer used was adapted from that described by Koch et al27, 
being simple and inexpensive to construct and sufficiently accurate for the 
present work. These workers25’ 27» 28 and others31- 33 have expressed enzyme 
activity in terms of the time required to produce a given percentage fall in the 
viscosity of the digest solution, since this time has been shown to be inversely 
proportional to the enzyme concentration .36 Lennox22, however, regarded 
the range of enzyme concentration covered by this relationship to be too 
restricted, and used an empirical calculation curve based on the fall in viscosity 
during 10 min.incubation. Nickerson33 expressed the rate of digestion as the. 
slope of the relative fluidity/digestion time graph, and found with commercial 
trypsin that the graph was linear and that the fluidity rate change was propor­
tional to concentration.* The advantage of Nickerson’s method over that of
measuring a specific change in viscosity is that it is not highly dependent on 
the accuracy of extrapolation of the viscosity curve to zero time to obtain the 
initial viscosity.
* It follows that if  the relationship between fluidity and time is linear and the slope o f  the - 
line is proportional to enzyme concentration, then the time required to produce any given 
change in viscosity must be inversely proportional to enzyme concentration.
Let F  =  fluidity o f gelatin solution 
T =  time o f digestion 
0 =  rate o f  increase in fluidity 
Then for two enzyme concentrations
F i =■ 0j. T x +  C '
f 2 = e2 t 2 + c
W ( Fi - Qe ,
t 2 (F , -  C)01
For any given percentage change in fluidity (of viscosity)
T 2 0!
Thus the results o f Koch e t  a l  and Nickerson for trypsin are in agreement, and the 
observation28 that it is immaterial what percentage fall in viscositv is taken as a basis o f  
measurement is confirmed theoretically.
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During the course of this work it was observed that solutions preserved 
with thymol underwent a progressive fall in viscosity during storage, particularly 
at room temperature. It is highly desirable to be able to prepare a sufficiently 
large batch of substrate to last for a considerable time, if not indefinitely. If 
a fresh solution were required every day much of the advantage gained by the 
rapidity of the determination would be lost. Solutions of the gelatin substrate 
have been stored for over two months both in a refrigerator and at room 
temperature to ascertain to what extent the viscosity falls during storage and 
the influence of such a fall on the apparent enzyme activity.
Bating materials usually contain ammonium salts whilst bate liquors may 
contain in addition calcium and occasionally sodium salts. Electrolytes reduce 
the viscosity of gelatin solutions, which according to Goeller37 introduce a 
large error in the m ethod; whilst trypsin, the enzyme most commonly used for 
bating, is stabilised by calcium and other ions38. It was necessary, therefore, 
to check how these ions would affect the determination. The influence of pH 
and temperature on the activity of a number of proteolytic enzymes was also 
investigated.
The Digestion of Involuntary Muscle.
One of the grounds of criticism of Anderson’s19 work on limed involuntary 
muscle from goat uterus was that the measure of enzyme activity was taken as 
the amount of muscle solubilised after 8 hours’ digestion by enzymes of equal 
gelatinase activity at a pH which was not necessarily the optimum for either 
gelatin or involuntary muscle digestion. In repeating this work, factors such 
as concentration, time, pH and electrolytes have been investigated. Experi­
mental difficulties were encountered in mixing the ground muscle with enzyme 
solution and in the agitation of the mixture. The final method, as described in 
detail below, was the result of trials with various modifications.
Experimental.
I. E n z y m e s .
The following enzymes and bating materials were used :—
Trypsin, (British Drug Houses, Ltd.)
Trypsin, crystalline (Armour & Co.)
Chymotrypsin, crystalline (Armour & Co.)
A spray dried culture o f  Bacillus subtilis (Norman Evans & Rais, Ltd.)
A  bran culture o f  Aspergillus f lavu s-oryzae  (C.S.I.R.O. Australia).
Papain, a white, E.African powder (Biddle, Sawyer & Co. Ltd.)
Pancreatic bates with ammonium salts (Pancreol Ltd.)
Bacterial bates with ammonium salts, reported to be based on 
Staphylococous pyogen es albus and Escherischia coli (The 
Hexoran Co. Ltd.) ' '
Fish bates, from fish viscera o f  various types Of fish caught at differ­
ent seasons, minced and preserved with 10% ammonium
chloride (British Cod Liver Oils (Hull & Grimsby) Ltd.)
I I .  G e l a t in a s e  D e t e r m in a t io n s .
A. The Gelatin Substrate. A large batch of specially prepared lime 
gelatin was used throughout this work. Analysis gave 1 4 .0 %  moisture,
0 .2 7  % ash and 0 .0 4  % calcium.
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F ig . 1.
Viscometer for Gelatinase Activity Determination.
Freshly boiled distilled water was used in the preparation of the gelatin 
solution and for all enzyme solutions and controls. Failure to do this resulted 
in poorer keeping qualities of the stock gelatin solution and a slow fall in 
viscosity of a control run without enzyme, which must be ascribed to the 
presence of bacterial proteinases in the distilled water.
2 0 0  g. gelatin was soaked for 1 - 2  hr. in 1 2 0 0  ml. cold water, warmed on 
the steam bath to 65° and the temperature maintained at 60-65° until the gelatin 
had completely dissolved. Frequent stirring with a stout glass rod prevented 
local overheating and facilitated dissolution. The hot solution was filtered by 
suction (Whatman No. 54 paper), the beaker and filter paper washed with hot 
water and all transferred to a 2 .1  graduated flask. 2  g. powdered thymol was 
added, mixed, and warm water added to within 1 - 2  ml. of the graduation mark. 
After standing 1 hr. in a thermostat bath or overnight in an incubator at 40°, 
the volume was made up, the solution distributed between 500 ml. conical 
flasks and stored, unless otherwise stated, in the refrigerator at 0-4°.
B. The Viscometer. This consisted of two 175 ml. conical flasks closed 
by rubber stoppers, held together by two pieces of glass tubing passing through 
both stoppers (Fig. 1). One tube (internal dia. 1.84 mm.) served as the visco­
meter tube; the other (internal dia. ca. 5 mm.) served as the return tube. Each 
tube was flush with the bottom of one stopper and extended beyond the other 
stopper to clear by about |  in. the surface of 75 ml. liquid in the flasks w hen. 
held either way up. When in use the viscometer was held in a rotatable clamp 
in a glass-fronted water bath, the temperature of which was thermostatically 
controlled to ±  0.05°. The time of flow of 75 ml. water at 40° was 33 sec. 
and of 6.67% gelatin solution about 120 secs. A number of viscometers were 
constructed from the same capillary tubing enabling them to be interchanged 
at will.
The viscometer was calibrated with glycerol solutions at 30° using the data 
of Sheely39. There was a linear relationship between time of flow and viscosity 
over the range 3.5-6.9 centipoises corresponding to the equation t =  16.477 -f 
19.3, where t — flow time in secs, and 17 =  viscosity in centiposes.
C. Adjustment o f p H  o f Gelatin Solution. 50 ml. gelatin solution titrated 
potentiometrically at 40° with standard N  sodium hydroxide solution gave a  
calibration curve relating pH of the solution with alkali addition. Owing to 
absence of buffer salts in the gelatin solution the pH  dropped rapidly by about
0.5 unit during the initial stages of enzyme digestion and it was necessary to
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correct the calibration curve. Alternatively the solution could be brought 
to about pH 6 , digested with trypsin and the remainder of the titration carried 
out potentiometrically. In place of a pH meter, Johnson’s Comparator papers 
were found sufficiently accurate (± 0 .1  unit) and were used to check the pH 
at the end of each digestion. A series of stock caustic soda solutions were 
made up such that 5 ml. added to 50 ml. gelatin solution gave the required pH 
at the end of the digestion.
D. Determination o f Gelatinase Activity. The required amount of 
gelatin for the day’s work was warmed to 40° by immersion for 1 hr. in the 
thermostat bath or overnight in a 40° incubator and 50 ml. portions measured 
from a pre-warmed pipette into a series of viscometer flasks. 5 ml. NaOH 
solution was added prior to use. The viscometer tube was inserted, capillary 
downwards, and the flask held in the bath for 10-15 min. to reach equilibrium. 
At the same time 20 ml. enzyme solution was pre-warmed in a second, stoppered 
flask. The flasks were united by inserting the return tube of the viscometer 
into the enzyme flask, at the same time inverting the gelatin flask causing the 
gelatin solution to run into the enzyme solution. Complete mixing was ensured 
by gentle agitation and the assembled viscometer completely submerged and 
clamped. The time of mixing of the two components was noted to the neatest 
5 sec. > '
After 2 min. the viscometer was inverted and the time of flow of the gelatin 
solution through the capillary recorded to 0.1 sec. The viscometer was then 
immediately returned to its original position to permit drainage from the upper 
flask, and a further five or more readings taken at 3 min. intervals. The period 
of drainage is unim portant providing it is not too short, i.e. less than 1 min., 
and is kept reasonably constant.
From  a calibration chart flow times were converted into relative fluidities 
and these plotted against time of digestion. The slope of this line (0) gave a 
measure of the rate of increase in fluidity, reciprocal centipoises per min.
III. I n v o l u n t a r y  M u s c l e  D ig e s t io n .
A. The Substrate. Limed involuntary muscle was prepared from pig 
uterus, following Anderson19 and Walaas and Walaas40.
Fresh pig uterus was soaked overnight under toluene. Ovaries, Fallopian 
tubes (which consist mostly of mucosa with only a small proportion of muscle) 
and vagina were discarded and the peritoneum removed as far as possible. 
They were cut open longitudinally and immersed in three times their weight of 
2.5% lime suspension which was renewed daily over 10 days. Small pieces 
were frozen with carbon dioxide snow onto a glass plate on a freezing microtome 
and the mucosa removed with a scalpel. Histological examination had indi­
cated that the mucosa occupied less than a quarter of the thickness of the 
uerus wall, so that by removing approximately one half of the thickness, 
muscle was obtained uncontaminated by mucosa. The pieces were delimed 
to pH  7 with sodium acetate in 3 % salt solution followed by sodium bicarbonate, 
and repeatedly washed with distilled water till free from chloride. The material
was dehydrated with acetone and ground in a Wiley mill to pass a 60-mesh 
sieve.
Analysis gave 1 0 .6 % moisture, 0.9% ash and 13.3% nitrogen (Kjeldahl). 
Nitrogen recalculated to a dry, ash-free basis was 15.0% ; conversion factor, 
nitrogen to protein — 6.67. '
B. The Digestion. 6 in. X  f  in. stoppered test tubes and convenient 
length stirring rods were rendered water-repellent with Silicone Fluid MS 1107 
(Midland Silicones Ltd.) 100 mg. portions of muscle were weighed into the 
tubes. 6  ml. enzyme or buffer was added gradually, the muscle being mixed 
to a smooth paste with the first few drops and the stirring rod washed down 
with the last 2-3 ml. The stoppered tubes were placed on a rotating shaker in a 
water bath at 37° (Fig. 2) and rotated continuously at 30 r.p.m. After digestion 
for the required time the tubes were cooled and the contents centrifuged. A 
few particles which remained in suspension were removed on a No. 1 sintered 
glass filter. 1 ml. portions of the filtrate were taken for determination of 
nitrogen.
F ig . 2 .
Mechanical Shaker Operating In a Thermostatically 
Controlled Water Bath.
IV . B a t in g  T r ia l s .
Pieces of limed goatskins 2 in. x  1 in. were delimed to pH  8 3 with 
ammonium chloride and bated for 6  hr. at 37° and pH  8.0, pickled, tanned with
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33% basic chrome liquor, fat-liquored and dried as described in Part II I1 
Those enzymes which did not contain ammonium salts were dissolved in or 
extracted with 0.2% ammonium chloride. Papain was dissolved to give a 
1 % solution in 1 % sodium sulphite at pH 8 and diluted with 0.2 % ammonium 
chloride to the required concentration. .
Results.
I. T h e  D e t e r m in a t io n  o f  G e l a t in a s e  A c t iv it y .
All the enzymes tested showed a linear relationship between time of 
digestion and fluidity during the initial stages of the digestion provided the 
enzyme concentration was not too high. The limits, which varied from 
enzyme to enzyme, were a viscosity of about 3.3 c. poises and 0 — 0.065 or 
above. 0 was in most cases directly proportional to concentration except at 
high concentrations where in any case the accuracy of the determination fell 
due to the curvilinearity of the fluidity-time plot. Exceptions were A. oryzae 
and B. subtilis proteases which showed , a slight curvature. The complete 
results are recorded in Table I.
TABLE I.
R e la t io n s h ip  B e t w e e n  E n z y m e  C o n c e n t r a t i o n  a n d  R a t e  o f  F a l l  in  
, F l u i d i t y  (0 ) o f  G e l a t i n  a t  pH 8 • 0, 40°C.
Enzyme
Trypsin (cryst.)
(in 0 -02M .-C aC l2)
Chymptrypsin (cryst.) ...
(in 0 • 02 M .-CaCJ2)
B. subtilis protease
A. oryzae  pro tease ...............
Papain (in N a 2S 0 3) 
Pancreatic bate ... ..
Fish visceral protease 
Staph, pyogenes alb us pro tease
Concn.(%) 0 Activity (G.
0-00020 0  020 345,000
•00025 •024
•00100 •107
0-00050 0-024 155,000
•00060 •029
•00100 •046
0-00625 0-0235 9,800
•010 •0295
•0125 •036
•025 •066
0-025 0-016 1,770
•050 •0275
•075 •0375
•100 •047
•223 •089
0-067 - 0-0185 990
•100 •0305
•150 •044
0-286 0-0225 263
•400 •0295
•444 •0355
•670 ■0515
1 0 0 •0795
1-50 •113
0-67 0-0215 111
1-00 •0335
1-50 •048
2-25 •076
0-67 0-0185 101
1-33 •035
2-00
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•0615
Age o f the Gelatin Solution. Freshly prepared 10% solutions of gelatin 
(pH 5.9) were distributed in 50 ml. viscometer flasks and stored at 0-4° or at 
20°. Fluidity curves were determined on the fresh solution and at intervals 
using a 0.004% solution of trypsin (B.D.H.) at pH  7.5. Extrapolation of the 
straight lines thus obtained to zero time gave the initial fluidity of the solution.
The results of four separate experiments are set out in Table II. Storage 
at 0-4° resulted in no loss in viscosity over two months, but at 20° there was a
TABLE II.
In f l u e n c e  of S to rag e  of th e  G e l a t in  S u b st r a t e  o n  I ts V isco sity  a n d  
S u sc e p t ib il it y  to  E n z y m e  A t t a c k .
Test with trypsin (B .D .H .) at pH 7-5 , 40°C.
Stored at 0-4° Stored at 20°
.ge period v V 0 V 0
days) c. poises c. poises -
1 ____ ____ 6-57 0-027
3 — — 6-41 •033
7 — — 6-19 •031
14 — —  ' 5-91 •035
21 — — 5-57 •034
0 5-99 0-037
1 — — 5-86 . -029
3 — — " 5-67 •032
9 — — .5-15 •031
24 — — 4-50 •031
1 5-39 0-025 _ _
2 5-15 •025 — —
5 5-48 •022 — — .
16 5-39 •022 :— —
30 5-68 •022 — —
0 6-28 0-0355 6-28 0-0355
1 6-31 •041 6-27 ■039
5 — — 6-05 •039
11 6-35 •041 5-90 •038
20 — — 5-83 •041
32 6-15 •042 . 5-53 •041
65 6-23 •0375 4-98 •037
continuous fall over this period. At neither temperature was its reactivity 
towards gelatin significantly affected. The figures for 0 are not as constant as 
would have been desired, but this appears to be due to variations in the trypsin 
solution since the figures in Expt. 4 for storage at the two temperatures show 
parallel fluctuations and are in good agreement with each other.
Note : Where some fall in viscosity has occurred on storage, it is not 
justifiable to use the time required to give a given percentage fall in viscosity 
as a measure of enzyme activity. Nor is it justifiable when different batches of 
gelatin solution differ in viscosity, and the figures in Table II indicate that the
368
initial viscosity is not reproducible from batch to batch. Using the previous' 
nomenclature (footnote, p. 362) :—
F = 0 T  +  C 
If F„ is the fluidity where T =  O, then C =  F„ 
and F =  0T +  F 0
The time required to produce a given proportionate increase in fluidity (n) 
is given by
F 0 ( n - 1 )
n F 0 =  0T +  F 0 or T  — ---------------
0
i.e. it is proportional to, and not independent of, the initial viscosity of the 
solution.
Influence o f  pH. Variation of the pH  of the digest solution will have two 
effects : (i) the viscosity of the gelatin solution itself is altered41, and (ii) the 
activity of the enzyme is altered. The linear relation between fluidity and time 
was found to hold good over the range pH 5.5-8.5 for the enzymes examined. 
The optimum pH  lay about 8.1 for trypsin, 7.1 for B. subtilis and. A. oryzae 
proteases and above 8.5 for Staph, pyogenes albus protease. These figures 
are in agreement with those previously reported25’ 33> 42> 43.
Influence o f  Temperature. Similar considerations apply to temperature 
as to pH. Temperature coefficients for the rate of increase in activity over the 
range 35-45° were as follows ; trypsin, 2.0; B. subtilis protease, 2.1 ; A. 
oryzae protease, 2.15 ; and Staph, pyogenes albus protease, 2.35. Although 
structural viscosity effects were not observed at 35°, 40° was chosen as the 
working temperature in conformity with usual practice (cf.34).
Influence o f  Electrolytes.
(i) On trypsin. The presence of up to 1.1 % ammonium sulphate in the 
digest, whilst lowering the viscosity from 5.85 to 4.45 c.poises, had no influence 
on the reactivity as measured by 0. Koch and Ferrari34 observed a slight 
diminution of activity with 0.45% sodium chloride but this may be an error 
due to their unsatisfactory method of calculating activity. The powerful 
stabilising action of calcium ions on aqueous trypsin solutions has been con­
firmed for crystalline trypsin and it is also true for crystalline chymotrypsin 
(Table III). Both enzymes required calcium of the order of 0.5 m  to prevent 
an appreciable rate of destruction at pH 7.5 and 37°. However, impure 
enzymes are much more stable due to the presence of protein, whilst ammonium 
salts present in bating materials contribute added stability. It is thus possible 
to boil a 2  % extract of a pancreatic (and other) bate containing 1 % ammonium 
salts without appreciable loss of activity. * It is not surprising, therefore, that 
the activity of commercial trypsin was unaffected by up to 0 .1  m  calcium in the 
digest. This corresponds to 0.4% calcium which is unlikely to be present in 
bate liquors today. This figure may be greatly exceeded in the centre of the 
pelt in the initial stages of bating, but would be accompanied by a correspond-
* It is m ost inadvisable, however, to prepare bate liquors by first extracting the bate 
✓ with hot or boiling water.
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TABLE III.
In f l u e n c e  of  C a l c iu m  Io n  o n  th e  S t a b il it y  o f  A q u e o u s  S o l u t io n s ; of 
T r y p s in  a n d  C h y m o t r y p s in .
Solutions in 0-01M  borate buffer pH 7-5 held at 37° for 18 hours. 
Residual activities measured in presence o f  0-0025-0 -025m Ca.
Enzyme concn, (%)
Expt. N o. Enzyme Ca ion concn. Initial Final % o f orig.
1 Trypsin 0 0-000324 0 0
0-02 M 0-000201 62
0-1 j •000272 84 •
0-5 •000298 92
2 0-25 •000272 84
0-75 55 ■000276 85
1-0 99 •000288 89
3 Chymo trypsin 0 0 * 000647 0 0
0-004M 9 0-000200 31
0-02 99 •000240 37
0-50 >9 •000485 75
4 0-10 99 •000382 59
0-25 •000570 88
0-75 •000570 88
- 1-0 95 •000575 89
ingly high hydroxide ion concentration. The presence of calcium in a bate 
liquor will, therefore, have no effect on the apparent enzyme activity.
(ii) On A. oryzae protease. Up to 0.2% ammonium sulphate in the 
digest had no significant effect on activity.
(iii) B. subtilis protease. 0.05% and 0.2% ammonium sulphate reduced 
the activity of this enzyme at pH 8.0, determined at a concentration that would 
be suitable for bating, to 71 % and 14% of the original respectively. At pH 
6  and 7 inhibition was only slightly less, some 25% of the original activity 
being recorded in the presence of 0.2 % ammonium sulphate. This fact was 
not known at the time bating tests were carried out (see below).
A Quantitative Expression o f Gelatinase activity. In order to place 
_ gelatinase activities on a quantitative basis, the following definition of a 
gelatinase unit (G.U.) has been devised :—
An enzyme possesses 100 gelatinase units (100 G.U.) of activity if at a 
concentration of 0.267% it produces a rate of increase in fluidity (0) 
of a 6.67% gelatin solution at a stated pH and temperature, o f0.030, 
where fluidity is measured in reciprocal centipoises and time of 
digestion in minutes.
Under the conditions of the present method, 20 ml. 1% enzyme solution 
or extract added to 50 ml. 10% gelatin solution plus 5 ml. alkali will yield 
concentrations in  the digest of 0.267 % and 6.67 % for the enzyme and gelatin 
respectively. Under these conditions :—
100
Activity (G .U .) =  ---------------------------------------------------------------— ;-------
% Cone, o f  enzyme solution or extract required 
to give 6 =  0-030
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The activities of the various enzymes examined are given in Table I. In 
determining the enzyme strength of an unknown material it is desirable to 
determine 0 at two concentrations, one value at least being above 0.030. If 
direct proportionality exists between enzyme concentration (c) and 0 , the 
value of c corresponding to 0 =  0.030 can be obtained by calculation or graphical 
interpolation. If  direct proportionality is not found (possibly due to an error 
in one of the determinations) a third reading or more must be made at other 
values of c to obtain a curve for accurate interpolation. With solutions of 
enzymes where the relation between c and 0 is already known, two determina­
tions are sufficient (equivalent to a duplicate determination). Values' of 0 
must not exceed the known limit of linearity between c and 0 , or be beyond the 
calibration curve.
II. D igestion  o f  I n v o l u n t a r y  M u s c l e .
Influence o f time. The rate of digestion did not remain constant but fell 
off sharply indicating that the muscle was not homogeneous. About 10% 
of the muscle was peptisable by water or buffer solution alone. The figures 
quoted are not corrected for muscle peptised by water or buffer since this 
increases with duration of digestion and could, in fact, lead in some cases to 
an apparent decrease in digestion by enzyme with time. The influence of time 
of digestion with various concentrations of B. subtilis protease is shown in 
Table IV.
TABLE IV.
In f l u e n c e  o f  D u r a t io n  a n d  E n z y m e  C o n c e n t r a t io n  o n  D ig e s t io n  o f  
I n v o l u n t a r y  M u s c l e  b y  B. subtilis Pro te a se .
M/45 phosphate buffer, pH 7 • 0 ; 37°C.
Enzyme concn. Digestion (%)
V/ o l i  hr. 3 hr. 4 ih r . 6 hr.
0 11-9 13-2 14-9 . 14-1
0-0216 36 44 46 50
0-108 50 55-5 , 56-5 59
0-54 65 ' 67 68 71
Influence o f Concentration. The results summarised in Table V show 
the influence of concentration of various enzymes using a 6 -hr. digestion 
period. They are plotted on a semi-logarithmic scale in Fig. 3. In most cases 
the plot is linear, any divergencies being greatest at low percentage digestions.
Influence o f pH . The rate of digestion increased progressively with pH 
over the range 6  to 8 with all the enzymes tested (Table VI). That this is not 
necessarily due to the optimum of these enzymes being at pH 8 or above is 
indicated by the fact that peptisation with water alone similarly increases 
with pH.
Influence o f Buffer Concentration. The influence of phosphate buffer 
concentration over the range 0 to 0.2 m  is shown in Table VII. Whereas 
increased buffer concentration caused increased peptisation it had an inhibitory 
effect on the enzyme. The effect on other enzymes has not been investigated.
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-O TRYPSIN (B.D.H.)
-X TRYPSIN ( c r y s t )
-A  CHYMOTRYPSIN (c ry st.)
ENZYME CONCENTRATION , a rb ita ry  u n its
F i g . 3.
Digestion o f Limed Involuntary Muscle by Various 
Enzymes.
Influence o f Calcium Chloride. Calcium chloride increased both the 
peptisation in water and the digestion by enzyme (B. subtilis pro tease) (Table 
VIII) which is in conformity with the known peptising action of this salt.
A Quantitative Expression o f Muscle Digesting Power. The fact that 
extent of digestion is not proportional to time even over a limited range makes 
it difficult to express enzyme activities quantitatively. Relative activities can 
be obtained by determining, as Anderson29, the extent of digestion produced by a 
standard concentration in a given time, but the scale is very compressed at high 
activities as compared with low, and it is much better to determine the con­
centration of enzyme required to digest a given proportion of substrate in a 
given time. By selecting a suitable extent of digestion the assay can be made 
reasonably sensitive, yet avoiding the influence of the very readily digested 
fraction. A figure of 50% digestion has been selected as meeting these con­
ditions. Concentrations of various enzymes giving 50 % digestion in 6  hr. are 
recorded in Table IX, being obtained by interpolation of the graphs in Fig. 3.
III . B a t in g  T r ia l s .
Pieces of goatskin (6  replicates) were bated with various enzymes at 
equivalent gelatinase or involuntary muscle digesting power. The concentra­
tions used are recorded in Table IX. The leathers from skins bated at equiva­
lent muscle digesting power were dried nailed out, which tends to even out any 
differences due to bating1. The papain-bated skin was considerably softer 
and thinner than the remainder and was distinctly overbated. The remainder 
were indistinguishable with regard to softness and colour and flatness of the 
grain. However, an assessment of the leathers in the blue revealed considerable 
differences, the order of decreasing softness being : papain >  B. subtilis 
protease >  trypsin (cryst.), chymotrypsin, pancreatic bate >  trypsin (B.D.H.),
A. oryzae protease >  Staph, pyogenes albus protease.
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TABLE V.
In f l u e n c e  o f  E n z y m e  C o n c e n t r a t io n  o n  D ig e s t io n  o f  I n v o l u n t a r y  M u s c l e .
M /45  phosphate buffer, pH  7.0 37°
Enzyme Concn. (%) Digestion
N one .............................. — 14-1
Trypsin (cryst) ................. 0-00003 26
•00009 35
•00027 53
•00080 59
•0024 65
•0072 69-5
•0216 75-5
Chymotrypsin (cryst) ... ^ 0-00006 23
•00018 29
•00053 40
•00160 48-5
•00480 57
•0144 62
•0432 64
Trypsin (B.D.H .) 0-0004 35
•0011 44-5
■0032 56
•010 ■62
B. subtilis pro tease 0-00073 27
•0022 32
•0067 42-5
•0216 50
. -108 59
•54 71
1-62 78-5
4-86 88-5
A. oryzae pro tease . 0-0037 18-5
•011 35
•033 44
•10 _ 53
*30 61
Papain ................. 0-011 15
. -033 20
•10 '3 8
•30 51-5
•90 49
Leathers from skins bated at equivalent gelatinase activities were indisting­
uishable in all respects, except the B. subtilis protease-bated skins which were 
slightly but consistently inferior in softness. In the bated state, the pancreatic- 
bated skins had a slightly silkier grain and were definitely more compressible 
than the remainder. No differences were observed in the blue.
TABLE VI.
In f l u e n c e  o f  pH o n  t h e  D ig e s t io n  o f  I n v o l u n t a r y  M u s c l e . 
M/45 phosphate buffer ; 4|-hr.
Enzyme
B subtilis protease 
Trypsin (B.D.H.) 
Papain
A. oryzae protease
Concn.(%) pH 6.0 
—  9-4
0 0 2
0 0 1
0-1
0-1
38
46
26
45
pH 6-5
10-5 
. 41 
52 
27 
43
Digestion ( %)
pH 7-0
11-4 
5
59 
32
48 -
41
pH 7- 
12-7
62
37
50
pH 8:0  
14-0 
44 
63 
39 
51
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TABLE VII.
I n f l u e n c e  o f  B u f f e r  C o n c e n t r a t io n  o n  D ig e s t io n  o f  I n v o l u n t a r y  M u s c l e .
B. subtilis protease, 0-0008%  ; phosphate buffer. pH 7-0  ; 3 7 °; 6 hr.
Digestion (%) , .
Buffer concn. Buffer alone Buffer +  enzyme
- M/135   11-4 43-5
M/45 ... ... 10-8 41-3
M/15   12-8 39-4
M/5 ... ... 13-9 37-8
TABLE VIII.
I n f l u e n c e  o f  C a l c iu m  C h l o r id e  o n  t h e  D ig e s t io n  o f  I n v o l u n t a r y  M u s c l e . 
B. subtilis protease, 0-02% ; M j 100 succinate buffer, pH 7.0; 37°; 6hr.
Digestion (%)
Without enzyme With enzyme 
10-9 AA- 1
12-3
13-9
14-0 .
CaCl2 concn.
0
0-02M  
0-05M  ...
0-08M  ...
44-1
46-3
51-5
53-7
TABLE IX.
E q u iv a l e n t  E n z y m e  A c t iv it ie s  U se d  f o r  B a t in g  E x p e r im e n t s .
Involuntary muscle. Gelatin
Concn. digesting Bating Activity Bating
Enzyme 50% muscle in 6hr.
° //o
concn.
%
G .U . concn.
°//o
Staph, pyogenes bate I* — — 101 1-04
„ II* — 0-40 — - —
Pancreatic bate I* 0-40 — •—
II*)} » • • • . . .  — — 263 0-40
Fish bate I — — 111 0-95
II ... ■ — 91 1-16
I l l ................. . . .  — — 185 0-57
IV ... ... — — 36 2-9
V ... ... . . .  — — 58 1-8
Trypsin (B.D.H.) 0-0024 0-0040 — —
(cryst.) 0-00019 0-00032 345,000 0-00032
Chymotrypsin (cryst.) 0 -0 0 2 1 ' 0-0035 155,000 0-00068
B. subtilis protease 0-022 0-037 9800 0-010
A. oryzae pro tease 0-063 0-105 . 1770 0-059
P a p a in .............................. 0-33 0-55 990 0-106
* The materials are normally used in bating at a level o f  about 1 % on the limed 
pelt weight, corresponding to 0 -2 -0 -4 %  on the liquor depending on the float.
Discussion.
The theory of the mechanism of bating developed in Part II I1 indicates 
that gelatin should provide the ideal substrate for evaluating bating materials, 
and this has been borne out by experimental bating trials. Involuntary muscle 
digesting power was no guide to the softness of leather, though the work 
described does not exclude the possibility that it may be a guide to flatness of
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grain. Flatness of grain is very difficult to assess on small pieces of leather 
owing to the difficulty of giving the necessary mechanical treatments associated 
with whole skins. .
Correlation between gelatinase and bating activity broke down with
B. subtilis protease presumably because of the inhibitory effect of ammonium 
salts which had been included in the bating but not in the gelatinase activity 
measurements. This effect was rather surprising in view of the fact that 
bating materials based on B. subtilis protease have been marketed in Gt. 
Britain and other counties for many years with no indication that ammonium 
salts are inhibitory. If  ammonium salts are inhibitory then low molecular 
weight peptides produced during hydrolysis may behave similarly. To check 
this point, gelatinase determinations were carried out at the same enzyme 
strength in the total digest as would be present in the bate liquor, and run for 
three hours. The results for several enzymes are plotted in Fig. 4 where it is 
observed that enzyme having similar activities on undegraded or partially
F ig . 4 .
Gelatin Fluidity Curves for Digestion with Various 
Enzymes.
degraded gelatin differ considerably towards low molecular weight gelatin. 
These differences can be explained by the inhibitory action of low molecular 
weight peptides but an alternative explanation is that the limiting molecular 
size susceptible to attack differs from enzyme to enzyme. The relative order of 
decreasing degradation was trypsin, papain, A. oryzae protease, B. subtilis 
protease. It is a m atter of conjecture whether these differences have any 
practical significance.
The considerable differences in relative activities of the various enzymes • 
on the two substrates gelatin and involuntary muscle may be due to some 
extent to their different amino-acid constitution, but the major difference seems 
to be associated with the solubility of the two substrates. The optimum con­
ditions for hydrolysis of a soluble substrate are not those for an insoluble one, 
for conditions which affect peptisation of the insoluble one may exert a pre­
dominant influence. Hydroxide ion is a powerful protein peptising agent and
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this is the reason for the optimum pH being higher with insoluble than , with 
soluble substrates. Calcium chloride similarly influences digestion of insoluble 
but not of soluble substrates, which is the reason for the preference often 
declared for ammonium sulphate rather than chloride as a deliming agent in 
order to prevent peptisation and dissolution of collagen in the bate.
T h e  P r a c t ic a l  U se o f  t h e  G e l a t in  V isc o sit y  M e t h o d .
Any determination of gelatinase activity gives a figure which applies to 
certain conditions of temperature, pH and electrolytes : under other conditions 
the activity will probably not be the same. It is desirable, therefore, that the 
determination be carried out, if possible, under the precise conditions that will 
attend in the bate paddle. These will not be the optimum conditions for 
gelatinase activity because the optimum temperature for the majority, if not all, 
proteolytic enzymes is above 40°, at which temperature attack on limed collagen 
becomes very rapid and would lead to rapid loss of substance if not complete 
disintegration of the pelt44. As the temperature coefficient is approximately 
the same (double the rate per 1 0 ° rise) for all the enzymes likely to be used in 
bating, results of gelatinase activities at 40° will bear a constant ratio to those 
at the actual bating temperature. The presence of peptising salts such as 
calcium chloride in the bate may affect the pelt whilst being without influence 
on gelatin, but as this action on the pelt would be the same irrespective of the 
enzyme used it may be ignored for the purposes of activity determination. There 
remain to be considered the questions of pH and electrolytes which affect the 
enzyme itself. Considering first pH, it seems reasonable that the bating be 
carried out at the optimum pH, which as has been shown, is the same as the 
optimum for gelatinase activity. This has frequently been ignored in comparing 
the efficiency of bating materials in practical tests though it has been realised 
in laboratory tests on casein13. The question of electrolytes is a little more 
complicated. There may be electrolytes derived from the pelts or from 
deliming agents used prior to bating, in addition to those present in the bate 
itself. The former will be known; the latter may have to be determined at 
least qualitatively. The enzyme concentration (in the total digest) required" to 
determine gelatinase activity will probably be lower than that present in the 
bate paddle, thus the electrolyte content will also be lower.. If further deter­
minations are carried out with additions of electrolytes as present in the bate 
and bate liquor up to levels at least as high, and these are without influence on 
the activity, nothing further need be done. If  inhibition (or possibly activa­
tion) is observed, quantitative determination of the salts would be necessary 
for an accurate determination of activity under the actual bating conditions. 
This would probably be only of academic interest, however, since it would be 
more expedient to avoid either the particular inhibitory salt or the bating 
material itself.
Where bates of one origin only are being regularly tested it may be con­
venient to prepare a buffered gelatin solution at the required pH rather than 
adjust each digest with sodium hydroxide; in which case 25 ml. of enzyme 
solution could be taken in place of 2 0  ml. plus 5 ml. alkali, the calculation 
being adjusted accordingly. Koch and Ferrari34 found 0.185 m phosphate
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buffer adequate for mould proteinase, and the viscosity remained stable on 
storage at 4°. The absence of any effect of the buffer salts on the particular 
bate being tested would first have to be established.
The question of complete elution of the enzyme from the carrier was not 
relevant to the present investigation since gelatinase determinations and bating 
trials on commercial bates were carried out on identically prepared eluates, 
but must be considered in any test method16-18. Vlcek’s method16 of elution 
with dilute salt solution is recommended.
The author wishes to express his indebtedness to the Director and Council 
of the British Leather Manufacturers’ Research Association for permission to 
publish.
British Leather Manufacturers' Research Association,
Milton Park,
Egham, Surrey. • -
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INVESTIGATIONS ON BATING I I I : TH E MECHANISM OF BATING.
B y G . H .  Green
SU M M A R Y  ■
The follow ing series o f changes is proposed to account for the 
known effects o f bating on the pelt .and on the leather :
lim e heat trypsin
collagen ------------>■ progelatin ------------ >■ g e la t in -------------------- ^
low  molecular weight peptides
Progelatin is equivalent to the /3 collagen of Marriott and the filamented 
collagen of Borasky and Rogers. These transformations are confined 
to the fibre surface, but as liming splits up the fibres, additional surfaces 
become available. Unless the progelatin is removed, the fibres restick 
when the leather is dried thus nullifying the beneficial effect of the 
liming.
Because progelatin resists proteolysis it must first be converted 
into gelatin by thermal denaturation. This explains why bating is 
ineffective below 35 °C unless the skin is pre-heated to 40-45 °C.
Degradation o f the progelatin is unnecessary provided it can be 
rem oved mechanically. This can be achieved to some extent by 
scudding alone: this gives better results with calf than with goatskin 
because o f the more open structure o f the former.
The rate o f bating is controlled (at normal bating temperatures) 
by the penetration o f the enzym e into the skin, the difference in ease 
o f bating o f  calf and goatskin again being due to differing compactness 
o f structure.
Bating affects m ainly the grain layer owing to its fine fibres and 
close weave which facilitate sticking.
Liming hydrolyses the amide groups o f progelatin, and lowers the 
iso-electric point to about pH  5. Thus som e swelling is retained on 
deliming to pH  8 because o f mutual repulsion o f fibres with a nett 
negative charge on their1 surface. The rem oval o f the progelatin, either 
by bating or scudding, restores the neutrality o f  the fibre surfaces and 
the skin “fa lls”.
Falling is associated with the developm ent of flacidity and com ­
pressibility, and permeability to a ir : whilst reduced constriction of the 
hair follicles loosens the hair residues. Similar effects to bating can 
be obtained by m ethods which prevent the leather fibres from sticking 
on drying, e.g., fat-liquoring, drying under tension, or acetone dehydra­
tion, but then the effect is easily reversed.
Relim ing after bating produces more progelatin and renders re­
bating necessary. Straight lim e does not im m ediately inactivate the 
bating enzymes which greatly accelerate the liming action and form a­
tion o f progelatin. It is suggested that trypsin, like lime, behaves as 
a hydrogen bond breaker, and lowers the shrinkage temperature o f  
progelatin.
Skin unhaired by sweating or proteolytic enzyme appears superfici­
ally like bated pelt, but the leather therefrom is more characteristic of 
that from  limed pelt. This is because comparatively little splitting of 
the-fibres has occurred.
The optimum pH  for bating o f a number o f proteolytic enzymes 
coincides with the optimum for gelatinase activity.
2 2 2
Wood’s1 classical work established that the fundamental action of a bate 
was due to its proteolytic enzyme content. This was confirmed by Rohm ’s 
introduction2 of the synthetic bate Oropon based on pancreatin, followed later 
by others based on bacterial and mould proteases, and finally by Anderson’s3 
demonstration that crystalline chymotrypsin would bate skins. However, the 
mechanism of the bating effect is by no means established. Consideration of 
the voluminous literature on the subject4,5 reveals a multitude of theories, some 
differing only in minor aspects whilst many consist of a disproof of earlier 
theories. The following theories have been proposed, and every one has, at 
some time or other, been attacked as untenable, with the exception of the hair 
muscle theory :
1 . Digestion of elastin
2 . Digestion of residual hair and epidermis
3. Digestion of interfibrillary protein
4. Digestion of reticulin
5. Digestion of degraded collagen
6 . Digestion of hair muscle
7. Mild peptisation of collagen
8 . Coagulation of collagen
9. Removal of hair follicle walls.
Several possibilities ex is t:—
(i) None of the above explanations is correct, in which case there must 
exist some other constituent of skin which has so far been overlooked.
(ii) There is a multiplicity of mechanisms which vary in relative impor­
tance according to the type of skin and/or the type of leather being produced. 
This would account for contradictory evidence.
(iii) The deductions from the experimental evidence are incorrect.
(iv) Criticisms of the true mechanism are invalid.
When this work was begun it was decided not to attempt to prove or 
disprove any preconceived hypothesis, but to start from first principles. Some 
work by Seymour-Jones6 on the physical effects of bating sheep pelt, grain and 
flesh splits, on the final vegetable-tanned leather was repeated as a starting 
point. This is probably the only paper in which these effects are described in 
detail but the interpretation is open to question. Seymour-Jones began with 
the idea that bating was concerned with the digestion of elastin, and the fact 
that the observed differences in bating were almost wholly confined to the 
grain was put forward as confirmation of this. The object of repeating this 
work was to endeavour to explain the results in the light of more acceptable 
theories. In the present work goatskin was substituted for sheepskin and 
chrome for vegetable tanning, though qualitatively the visual and physical 
effects were the same.
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In the course of this investigation, it became apparent that lime blast may 
affect judgment of the course of bating as well as the actual course of bating 
and scudding. In order to simplify this paper, this is reported on separately, 
together with work on the reason why re-used bate liquors show an improved 
bating action.
Materials and Methods.
Skins.
Goatskins. Dry-salted Indian skins were obtained from a tannery after 
soaking prior to unhairing, or after liming and fleshing prior to deliming.
Calfskins. A wet-salted skin was obtained from a tannery after liming, 
fleshing and machine scudding. The scudding was relatively inefficient and a 
considerable amount of hair debris remained.
Oxhide. Pieces of wet-salted English light oxhide were used.
Sampling.
A piece of uniform nature and substance was divided into smaller pieces 
of uniform size, the number being sufficient to cover the variables being 
investigated. Where small differences were expected the experiment was per­
formed in replicate. All pieces were individually marked and weighed (after 
blotting to remove superficial water) where necessary.
Soaking.
Wet-salted samples were freed from salt by washing overnight in running 
tap water.
Unhairing and Liming.
See under “Experimental”, individual experiments.
Deliming.
Unless otherwise stated, the following procedure was adopted. The limed 
pieces were washed in a 250% float with three portions of distilled water, 
followed by 30 minute treatments with two or three lots of 1% ammonium 
chloride (on limed weight) in a bottle on a mechanical shaker. The final 
ammonium chloride liquor was adjusted to pH 8 • 3. with hydrochloric acid at 
intervals until constant. The delimed skins were left overnight in the liquor 
in the refrigerator.
Bating.
(a) Skin pieces. These were bated in 8 oz. screw-cap bottles on a 
mechanical shaker immersed in a thermostat bath at 37° (see. Part I I7, Fig. 1). 
The liquor ratio was 2-5 or 5 : 1 and the pH, unless otherwise stated, was 8-0. 
Usually the liquor required no pH adjustment, but where this was necessary 
it was done by small additions of dilute hydrochloric acid or ammonia during 
the early stages. Any tendency of the pieces to adhere to the sides of the bottle 
was prevented by tying them together with string through a hole in a corner. 
All bate concentrations referred to below are based on the liquor, not the 
goods.
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Scudding.
Scudding was not carried out unless specifically stated. Skins were scudded 
either with a wooden ruler or the back edge of a scalpel blade.
Pickling.
The bated skins were shaken for 1 hour with 0 5 or 1 0% sulphuric acid 
(on limed weight) in a 250-500% float of 5% salt solution and stored over­
night, giving an equilibrium pH  of the pickle liquor of approximately 5 and 3 
respectively. In some special cases further acid was added to bring the 
equilibrium pH to 2. When not tanned the following day, the skins were 
stored in the liquor in the refrigerator.
Tanning:
(a) Chrome tannage, 33% basic, unmasked (low pH). Skins pickled 
with 1% or more sulphuric acid were tanned with 10% Chrometan 
(= 2 -5 %  Cr2Oa) (goat) or 8 % Chrometan (= 2 -0 %  Cr20 3) (calf and ox) on 
the limed weight in a 100% float of 3% salt solution. After running for 1 hour 
the liquor was basified to pH  3 • 6-3 • 9 with anhydrous sodium carbonate and 
re-adjusted at half-hourly intervals until constant. A  period of 7 hours was 
given, probably longer than necessary to achieve maximum chrome uptake, 
except for those skins pickled to pH 2 which required considerably more 
basification and which were given 14 hours. The leathers were set out for 24 
hours or longer, washed in running water for £ hour, shaken with 1 % sodium 
bicarbonate (on the wet leather weight) in a good float of water for f  hour and 
washed for a further I  hour.
(b) Chrome tannage, 40% basic, masked (high pH). Skins pickled with 
0-5%  sulphuric acid were tanned with a masked liquor (2 moles sodium 
formate per Cr20 3) containing 2*5% or 2-0% Cr2Os (goat and calf respec­
tively) in a 100% float of 3% salt solution at pH 5-5-5. The method was as
(a) except that only 0 • 5 % sodium bicarbonate was required for neutralisation.
(c) Vegetable tannage (low pH). Skins pickled to pH  2 were tanned 
with 12% mimosa solids (on limed weight) in a 300% float of 3% salt solution. 
The concentrated tan extract previously adjusted to pH  2 with hydrochloric 
acid, was added in 5 portions at hourly intervals, the pH being maintained 
as necessary. After the final addition the skins were shaken a further hour 
and stood overnight in the liquor.
(d) Vegetable tannage (high pH). Skins pickled with 0-5%  sulphuric 
acid were tanned similarly to (c) at pH 5, the tan liquor being adjusted with 
sodium hydroxide.
F at-liquoring.
The wet leather’was shaken with 3% sulphated neatsfoot oil in 100%
water at 50-55° for f  hour, slicked out and dried.
\
Drying.
(a) Without tension, between sheets of blotting paper, at 27*
(b) With tension, nailed out, at 27°
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Determination of Chromium and Fat in Leather.
Standard methods were used.
Microscopical Examination.
(a) Leather, fibre structure. Hand-microtome sections were mounted 
unstained.
(b) Leather, fat. Hand-cut sections were stained with scarlet R.
(c) Leather, surfaces. These were examined under a binocular dissect­
ing microscope by reflected and transmitted light.
Determination of Hydroxyproline and tyrosine.
Protein solutions were hydrolysed by refluxing for 24 hours with 6n 
hydrochloric acid. Hydroxyproline was determined by the Neuman and 
Logan8 method and tyrosine by that of Udenfriend and Cooper9 after 
evaporating the hydrolysate to dryness and taking up in water.
Experimental.
Expt. 1. Physical and Microscopical Examination of Chrome Leather from 
Goatskin and Goatskin Splits Bated for Various Times, Dried without Tension.
Seven pieces of limed goatskin 3 in. X 1 in. were split into three layers as 
follows :—
(i) Top quarter, comprising two-thirds of grain layer
(ii) Second quarter, comprising one-third of grain and one-third of corium
(iii) Bottom half, comprising two-thirds of corium
A further seven pieces were not split. Each piece was blotted dry and its 
weight, thickness and area measured. They were delimed and bated with 
0-4%  Pancreol 5a, pieces being removed at intervals of 1, 2, 4 and 7 hours: 
control pieces were not bated. After pickling with 0 • 5 % sulphuric acid, tan­
ning with 40% basic chrome liquor, fat-liquoring and drying without tension, 
the leathers were examined for weight, thickness (also in the blue), area, colour, 
softness and smoothness of the grain, elasticity, and microscopically for fibre 
structure.
Colour.
Only the grain surface varied with the bating treatment. The unbated 
grain was a dark, greenish blue. This colour changed progressively with 
duration of bating to a pale green. All other surfaces were a uniform pale 
green colour.
Softness.
All leathers became progressively softer with duration of bating, the 
differences being most evident with the whole skin and grain split.
Smoothness of Grain.
This improved slightly with bating but the differences were small.
Elasticity (manual assessment).
The whole thickness possessed no stretch ; the grain splits developed slight 
stretch and the middle and flesh splits rather more with longer bating.
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Weight.
There was no significant change in percentage yield of leather with dura­
tion of bating.
Thickness.
The leathers in the blue showed no significant differences in thickness with 
duration of bating. After drying there was a marked decrease in thickness of 
the grain split and possibly a slight decrease in thickness of the flesh split with 
duration of bating, the whole thickness and middle split being unaffected. 
The differences observed in the grain splits were, however, almost certainly 
artificial due to the hardness of the poorly bated leathers which made it diffi­
cult to press out all the wrinkles.
Area.
Both the grain and flesh splits increased in area with longer bating, the 
middle split and whole thickness being unaffected. In the case of the grain 
splits this was again probably connected with their hardness. The overall 
increase from 0 to 7 hours bating was 40% as compared with a decrease in 
thickness of 1 0 0 % : a few high ridges would affect thickness more seriously 
than area. The increased area of the flesh splits is probably valid since bating 
made the leather more stretchy. Even making allowance for the wrinkle on 
the grain splits, their area was distinctly smaller than the fleshes, the middle 
splits being intermediate. Contraction of the whole skin during drying was 
only slightly less than the grain split, indicating that it is the grain which 
controls the area of the whole skin.
Microscopical Examination of Grain Surfaces (Whole Skin and Grain 
Split).
(a) Unbated. By reflected light the surface appeared dark, glassy and 
finely wrinkled. Hair follicles were closed (Fig. la). Material having a white 
crystalline appearance was dotted all over the surface, blocking many follicle 
openings. Much of it was in the form of threads criss-crossing over the surface, 
in particular along the valleys formed by a chain of follicles. It consisted of 
tightly packed fibres ; in some cases the individual fibres could be distinguished. 
When the grain was flexed it cracked and the sides of the crack appeared white 
with the fibres well separated. Folding the grain outwards broke up the glassy 
mass of fibres yielding lines of white threads separated by dark glassy ridges. 
Stretching had a similar effect and made the leather appear lighter in colour 
to the naked eye. The cracks formed on folding or stretching lay mainly in 
the valleys formed by a  line of follicles, probably because they presented a 
plane of weakness. On stretching the leather, the hair follicles opened up, the 
white threads gradually widened at the expense of the glassy areas until a 
uniform white appearance was obtained : the wrinkles mainly disappeared 
leaving smooth undulations. On releasing the tension the appearance reverted 
to the original.
By transmitted light the follicles of the grain split appeared either com- 
letely sealed up or badly mis-shapen and partly sealed (Fig. 2a).
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(b) Bated*. By reflected light the surfaces appeared white but just as 
much wrinkled as the unbated skin. The wrinkles similarly disappeared on 
stretching. The hair follicles were fully opened up (Fig. lb). By transmitted 
light the follicles of the split showed up as ovals, completely free from debris 
(Fig. 2b).
M ic r o s c o p ic a l  E x a m in a t io n  o f  I n t e r n a l  G r a in  Su r f a c e s .
(a) Unbated. A fine network of white fibres was observed, very com­
pactly woven with only a small proportion lying loosely on the surface. A 
considerable area also consisted of patches of stuck fibres appearing pale 
brown. Underneath the loose fibres there appeared to be a dark, glassy struc­
ture. The follicles were either collapsed or seemed to be covered with fibres.
When the glassy layer of the leather itself was split the surfaces appeared 
a normal colour, i.e. very pale green, but this was due to loose fibres lying on 
the surface. On careful examination with the naked eye, the dark, glassy, 
stuck fibres could be identified. With extremely thin grain splits, however, 
few or no cut fibres were exposed, the cut surface appearing dark similar to 
the true grain surface.
(b ) Bated. This differed from the unbated leather in that the stuck brown 
areas were considerably fewer and there was no underlying dark glassy struc­
ture.
M ic r o s c o p ic a l  E x a m in a t io n  o f  F l e s h  S u r f a c e s  (W h o l e  S k in  a n d  F l e s h  
S p l it ).
(a) Unbated. The greater part of the surface was covered with white 
fibres, well-separated, but very much coarser than those of the grain split 
surface. Over a proportion of the surface the fibres had stuck together and 
appeared mainly light brown and in extreme cases almost black. Underneath 
the loose surface fibres lay a dark, glassy layer, very similar to the unbated 
grain surface though without follicles and not so wrinkled. A dark green spot 
visible with the naked eye appeared as a pronounced glassy area with no over- 
lying fibres.
(b )  Bated. All the fibres appeared white and were well separated with 
no underlying glassy area.
M ic r o s c o p ic a l  E x a m in a t io n  o f  I n t e r n a l  C o r iu m  S u r f a c e s .
Unbated and bated leathers were similar. All fibres appeared white and 
well separated except one or two isolated groups which were brown and stuck 
together.
M ic r o s c o p ic a l  E x a m in a t io n  o f  S e c t io n s  (U n s t a in e d ).
(a) Unbated. The fibres of the grain were stuck giving a glassy structure­
less appearance through the whole thickness. Individual fibrils of the corium
* These, and other observations follow ing refer to skins bated 7 hours unless otherwise 
stated.
were stuck, though the fibres themselves were well separated except on the 
flesh surface where patches had a glassy appearance (Fig. 3a).
(b) Bated. The fibres of the grain were easily distinguishable except for 
a thin, glassy streak in the middle. The corium fibres were well split and 
there were no glassy areas on the flesh surface (Fig. 3b). The leather bated for 
1 hour was intermediate between the unbated and 7 hour bated. The stuck 
layer of the grain was considerably thicker than that of the 7 hour bated skin, 
but splitting of the fibres on the grain surface was nevertheless apparent to an 
appreciable depth.
Fat Penetration.
Fat had penetrated uniformly into the corium to one-quarter to one-third 
its thickness with both I  hour and 7 hour bated leathers. In the latter is was 
uniformly distributed in the upper half of the grain with patches extending 
round the follicles as far as their base. In the leather bated \  hour the stuck 
areas of the grain were free from fat except for a thin layer on the surface.
Analysis of Grain Splits.
Cr2Os (% air-dry basis) Shrinkage temperature
•c
Unbated 6-55 > 100
Bated 5-85 > 100
It appears that bating has prevented the sticking of the leather fibres 
during drying, or at least has reduced their tendency to stick. Sticking is 
associated with a hard, unstretchable leather with a darker colour, since stuck 
fibres are less flexible and do not reflect light to the same extent as well 
separated fibres with a much larger surface area. The influence of bating on 
such physical properties as increased run and tensile strength are readily 
explained by the reduced sticking of the fibres.
Visually it is the grain surface which is affected most since it contains no 
loose fibres: overlying loose fibres on the flesh or split surfaces mask the 
darkening more or less completely. The properties of the grain layer have been 
affected far more than the corium by virtue of its much closer and finer weave. 
Thus the improvement in softness of the leather is far more obvious in the 
grain than in the flesh split, but nevertheless some improvement in the flesh 
does occur. Sticking of the fibres is responsible for the contraction of the 
leather during drying. The follicles possess a certain degree of rigidity and are 
able to withstand moderate contractive forces, but when the forces are severe 
as with an unbated skin they collapse more or less completely.
These differences are associated with differences in fat-liquor penetration, 
but are not accounted for by them since differences in softness and elasticity are 
already apparent in the leather in the blue, and the fat-liquor was incorporated 
in the blue before drying and sticking of the fibres. Thus bating has also 
opened up the fibre structure and facilitated fat-liquor penetration.
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The gradual diminution in thickness of the layer of stuck fibres in the 
grain with duration of bating indicates progressive penetration of enzyme and 
rapid action, rather than rapid penetration and slow action. The difference 
in resistance to bating of goat and calfskins can therefore be explained in 
terms of penetrability and closeness of fibre weave, rather than in quantity or 
refractoriness of the material to be attacked.
Bating was without significant influence on the yield of leather. Deter­
mination of nitrogen in the used bate liquor (results not reported in detail) 
indicated that only 0-2% of the total nitrogen was lost during bating. Thus 
the material attacked during bating must be present in very small amount 
or alternatively its removal is not necessary, merely its degradation or modifi­
cation.
The decrease in chrome uptake following bating has been confirmed in 
subsequent experiments (see later).
Expt. 2. Physical and Microscopical Differences in Chrome Leather from 
Goatskin Bated for Various Times, Dried under Tension.
Five pieces of limed goatskin 6  in. X 3 in. were delimed, and bated with 
0 004% trypsin (B.D.F1.) in 0-5% ammonium chloride solution. Pieces were 
removed from the bate after 0, 1, 3, 5 and 7 hours, pickled with 1% sulphuric 
acid, tanned, etc. with low basicity chrome liquor and dried under tension. 
Silkiness of Grain (bated skin)
7 h =  5 h >  3 h >  1 h >  unbated
v. good good poor bad
Looseness of Scud (bated skin).
7 h =  5 h =  3 h >  l h  =  ■ unbated
fair bad
Scud R elease into Liquor (visual observation).
7 h =  5 h »  3 h =  1 h =  unbated
none
Softness and Stretchiness (leather in blue). ;
7 h =  5 h >  3 h >  1 h >  unbated
Softness and Stretchiness (crust).
7 h = ' 5 h =  3 h >  1 h >  unbated
Colour of Grain.
There was little, if any, difference between the 3, 5, and 7 hour bated 
skins, all being a uniform pale green. The leather bated 1 hour was a decidedly 
deeper shade, whilst the unbated sample was a very uneven colour with dark 
blue patches towards one end.
Smoothness of Grain (crust).
The grain appeared to be rougher with longer bating time. However, 
the roughness was not uniform but associated with areas between the nails 
that had been able to contract during drying. The low degree of stretchiness 
associated with the poorly bated leathers resulted in less contraction between 
the nails and the retention of a better shape.
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Microscopical Examination of Grain Surfaces.
(a) Unbated. The general appearance of the lighter coloured areas was 
similar to that of the bated skins dried without tension (Expt. 1) except that 
it was very much flatter and less wrinkled. The wrinkles that were present 
tended to lie parallel with the direction of strain. The darker areas, on the 
other hand, resembled more the unbated skin dried without tension.
(b) Bated. This was similar to the light coloured areas of the unbated
skin.
Microscopical Appearance of the Flesh Surfaces.
Unbated and bated appeared identical with the flesh surface of a bated 
skin dried without tension.
Microscopical Appearance of Sections (unstained).
(a) Unbated. The lighter coloured area only was examined. No stuck 
fibres were observed (Fig. 3c).
(b) Bated. This was similar to (a) but the fibres of both grain and 
corium were more split up. 1
Analysis of Leathers.
Cr20 3 (% air-dry, Fat (%)
fat-free basis)
Unbated 4-24 7-3 ,
Bated 4 1 4 9-5
Bating has resulted in a silkier grain and a loosening of the scud (hair 
residues), also in a softer and stretchier leather. The effect on the leather was, 
however, much less than that observed in Expt. 1 with skins dried without 
tension. Whilst the bating and tanning conditions were different in the two 
experiments, the evidence is fairly conclusive that sticking of the fibres is 
promoted if they are not restrained during drying. Thus the area of the leather 
diminishes considerably during drying with no restraint on the fibres. The 
uneven sticking of .the fibres of the unbated skin dried under tension points to 
uneven stresses being set up during drying, the more closely woven structures 
being able to contract at the expense of the loosely woven structures. The 
pieces had been cut with the long side perpendicular to the backbone and the 
end nearer the backbone would be expected to have the closer weave. Unfor­
tunately the orientation of the pieces was not noted during cutting. By drying 
an unbated leather under tension it closely resembles a bated leather dried 
without, tension (Fig. 3).
The increased fat penetration into a bated leather observed microscopically 
in Expt. 1 has been confirmed analytically in the present experiment.
Expt. 3. Influence of Fat-Liquoring and Drying Conditions on the Sticking 
of Chrome Tanned Collagen Fibres from Unbated and Bated Goatskin.
Eight pieces of limed goatskin 2 in. X 1 in. were delimed and four of 
them bated for 8 hours with Pancreol 5a and scudded. All were pickled with
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1% sulphuric acid and tanned with 40% basic chrome liquor. After neutralis­
ing, individual pieces (1  unbated and 1 bated) were treated as follows :
(i) Dried without tension (air-dried).
(ii) Fat-liquored in usual way and air-dried.
(iii) Dehydrated with 4 changes of acetone and the residual acetone 
removed at 35°.
(iv) Dehydrated with acetone as (iii), the fourth acetone liquor contain­
ing 3 % unsulphated neatsfoot oil (liquor ratio 1,0 : 1).
F a t  C o n t e n t s  (air-dry basis). (Benzene and ethanol extraction).
Unbated Bated
Air-dried 4-9% 11-7%.
Acetone- dehydrated 7-4 1 1 - 2  !
C o l o u r .
All leathers were an even, pale green colour except the unbated, air-dried, 
which were patchy in colour with some very dark areas.
S o f t n e s s  a n d  F l e x ib il it y .
The bated leathers were much better than the unbated in all cases, though 
with the non-fat-liquored, air-dried Samples the difference was small. Fat- 
liquoring produced a big improvement in the bated, air-dried skin, a slight 
difference in the unbated skins and practically no difference in the bated, 
acetone-dehydrated skin. The acetone-dehydrated leathers were all much 
softer than the corresponding air-dried leathers.
S t r e t c h in e s s .
Only three leathers had any stretch (elasticity) at all. The bated, fat- 
liquored, acetone-dehydrated one had considerable stretch ; the bated, acetone- 
dehydrated and the bated, fat-liquored, air-dried ones possessed slight stretch. 
M ic r o s c o p ic a l  E x a m in a t io n  o f  G r a in  Su r f a c e s .
The unbated, air-dried leather showed characteristic, dark glassy patches, 
the follicles in such areas being completely closed (cf Expts. 1 and 2). In other 
areas characterised by a dark green sheen, the follicles were open and the 
surrounding areas were light, but the bottoms of the follicles appeared dark 
and glassy. All the other leathers were characteristic of well-bated skins.
The air-dried leathers all had a reasonably flat grain, but the grain of 
the acetone-dehydrated leathers, in particular the two bated ones, was dis­
tinctly more pronounced.
M ic r o s c o p ic a l  E x a m in a t io n  o f  F l e s h  Su r f a c e s .
The air-dried leathers showed brown, stuck-fibre patches which were 
much more extensive with unbated than with bated skins. No such stuck fibres 
were observed on any acetone-dehydrated leathers but the surface fibres of 
the unbated leathers showed a much more compact weave almost tending to 
glassiness, whereas those of the bated leathers were extremely well split up. 
M ic r o s c o p ic a l  E x a m in a t io n  o f  S e c t io n s  (unstained). (Figs. 4a-h).
The unbated, not fat-liquored, air-dried leather had a shallower grain 
and a compact, glassy appearance compared with the corresponding acetone- 
dehydrated sample which, though rather compact, showed no recognisable
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sticking. The corium fibres were similarly more split up in the acetone- 
dehydrated leather. The same features were observed with the unbated, fat- 
liquored samples. The bated samples were all much more opened up than the 
corresponding unbateo ones though the same qualitative differences were 
observed.
Fat Penetration.
In  the unbated skins, the fat of the air-dried leather was confined to the 
surface and the vicinity of the follicles, whereas that of the acetone-dehydrated 
leather had pentrated all through. Fat penetration into the air-dried leather 
was much better after bating, reaching approximately half way through the 
grain and well into the corium (cf Expt. 1).
Thus bating, fat-liquoring, and acetone-dehydration in place of air-drying, 
all yield a softer, more flexible leather. The mechanisms involved are, however, 
different. Bating causes splitting up of the fibres and reduces their tendency 
to stick together during drying. Fat-liquoring inhibits sticking by lubricating 
the fibres : the effect is more pronounced with bated than unbated leather 
because of easier penetration. Acetone-dehydration, on the other hand, pre­
vents sticking probably by reducing the molecular attraction between collagen 
molecules of adjacent fibres or fibrils. The high surface tension of water 
enables it to draw the fibres together as it is removed from the fibrillary 
channels, whereas acetone with a much lower surface tension can do so to 
only a negligible extent. The improved separation of the fibres achieved using 
acetone is not permanent, for, when wet back and air-dried, the leather then 
resembles that air-dried initially. However, acetone provides a means for 
facilitating fat-liquor penetration, and such a leather subsequently wet back 
and air-dried would be expected to be superior to that fat-liquored and air- 
dried in the normal way. It could not be recommended as a substitute for 
bating, for such a leather, not bated, would deteriorate considerably more than 
a bated leather when subjected to any treatment which would remove oil, 
e.g., mould growth.
Acetone-dehydration and bating both had a noticeable influence on fibre 
structure, whereas fat-liquoring did not, yet all produced a softer leather. The 
first two result in a separation of the fibres by air whereas fat-liquoring 
separates them by a film of o i l : individual fibres will be more readily recog­
nisable in the former case.
Expt. 4. Effect of Various Pre-Tannage Processes on Chrome Tanned Crust
Goatskin.
Previous experiments had established that the effect of bating is to assist 
the removal from the skin of some material which if left in during tanning 
predisposes the collagen fibres to stick together when the leather is dried. This 
material may be present in the original skin and/or formed during the treat­
ment with alkali. A  skin unhaired with proteolytic enzymes and not alkali 
swollen would be expected to produce leather with features of those from a 
bated skin. If liming produces material which causes sticking, an alkali treat­
ment after , enzyme unhairing would make bating necessary, and similarly 
liming after bating would do likewise.
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Pieces of dry-salted goatskin soaked back in the tannery were treated 
according to the following scheme :
A1 Sweat Pickle
2 Sweat Lime Pickle
3 Sweat Lime Bate Pickle
B1 Enzyme Pickle
2 Enzyme Lime Pickle
3 Enzyme Lime Bate Pickle
C l Lime Pickle
2 Lime Bate Pickle
3 Lime Bate Lime Pickle
D1 NaOH Pickle
2 NaOH Bate Pickle
3 NaOH Bate NaOH Pickle
All treatments were carried out in duplicate on pieces cut from opposite sides 
of the skin. The 3 treatments in each set were performed on adjacent pieces 
3 in. X 2 in.
Sweating was carried out at 19° until the hair was completely loose (5-6 
days).
Enzyme-unhairing was carried out with a bacterial protease solution con­
taining cresylic acid and sodium azide as antiseptics, at 37° for 24 hours, the 
skins being shaken continuously during the first 7 hours.
Lim e unhairing was carried out in a 400% float of 5% hydrated lime 
sharpened with 1 % N a2S, shaking for 5 hours. The pulped hair was removed, 
the pelt washed and limed in straight lime for 3 days.
Sodium hydroxide unhairing was carried out as with lime, substituting 
0-2%  NaOH for lime.
Reliming and NaOH treatments were carried out with 400% float of 3% 
hydrated lime suspension or 0 2% NaOH solution, without sulphide, for 3 
days.
Deliming or neutralising, and bating were carried out as stated under 
Materials and Methods.
The skins were pickled and tanned with the high basicity chrome liquor. 
For fat-liquoring, the leathers were divided into two, one half being fat- 
liquored with sulphated neatsfoot oil and air-dried, the other half being 
acetone-dehydrated and fat-liquored with neatsfoot oil as described in Expt. 3.
Leathers in the Blue (before neutralisation) A, B and C only.
C l was firmer, than the remainder, otherwise there were no clear cut 
differences.
Crust Leathers.
The acetone-dehydrated leathers were invariably a better colour than the 
corresponding air-dried ones, and also softer.
A {air-dried). 1. Some very dark coloured patches on grain.
2. Even colour, similar to lighter parts of 1.
3. Lighter in colour and softer than 1 and 2.
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(acetone-dehydrated). 1. Light, even colour.
2. Similar to 1 but firmer.
3. Lighter in colour and softer than 1.
B (air-dried). Colour of grain and softness improved in order 2, 1, 3.
(acetone-dehydrated). Colour of grain and softness improved in order
1 =  2 , 3 , but differences were less than with air-dried leathers.
C (air-dried). Colour of grain and softness improved in order 1, 3, 2.
No. 2 was the best of the air-dried series.
(acetone-dehydrated). All were the same colour. Softness improved 
in order, 1 ,2  =  3.
D (air-dried). 1. Dark coloured and hard.
2. Very good colour, not quite as good as C2, and very 
soft.
3. Very dark colour and hard, much worse than 1. 
(acetone-dehydrated). Softness improved in order 1, 3, 2; colour in
order 3, 1, 2.
An attempt was made to assess the leathers for highness of grain. With one 
exception there was no correlation whatsoever with treatment; in fact duplicate 
pieces frequently gave opposite results. Skins C, which had been limed initially, 
were as a whole distinctly superior to the remainder, independently of treat­
ment subsequent to liming and method of drying.
Chrome Content of Leathers.
This averaged 5 • 0 % and was independent of the method of pretreatment, 
hence chrome content cannot be a contributory factor in differences between 
the leathers.
A microscopical examination of the fibre structure of the skins at each 
stage will be reported separately.
Expt. 5. Influence of Bating, Scudding and Deliming to the Iso-Electric 
Point on the Pelt and on the Chrome Leather from Calfskin.
In  the previous experiment it was established that goatskin relimed after 
bating required re-bating, suggesting that some material was produced during 
liming whose removal was effected by bating. It had been found (in work to be 
published later) that bating can be replaced, partially at least, by scudding. 
This indicates that the effect of bating is to reduce the molecular weight of 
the suggested material, enabling it to diffuse into the bate liquor or be 
removed more readily by scudding. Since diffusion out of the skin will be 
hindered by its partially swollen state, it seemed feasible that if the pelt were 
delimed, to its iso-electric point the material would be able to diffuse out with­
out being first broken down. The present experiments compare the effects of 
deliming to the iso-electric point, bating and scudding of calfskin limed, and 
re-limed after bating. ■
Pieces of delimed calfskin 2 in. X 1 in. were delimed further to pH  4 ■ 8 
with ammonium chloride-acetic acid, others were scudded, bated, or bated 
and scudded. Some of the bated and scudded samples were relimed in straight 
lime for various periods and subjected to one of the above treatments. All 
pieces were tanned with the low basicity chrome liquor, fat-liquored and dried
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A. Unbated B. Bated
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F i g . 2 .
Chrome tanned goatskin grain splits viewed by transmitted light ( x 5 5).
A. Unbated B. Bated
Sections o f chrome tanned goatskin ( X 86).
Unbated. B. Bated. C. Unbated, dried under tension.

" * \*  ' ,. :> \  Vv
I v , >1 ’
»  *>  ,
without tension. The pieces were weighed at each stage (scudded pieces were 
left in water overnight to re-hydrate before weighing), and the results together 
with the weights of the crust leather are given in Table I. The loss of nitrogen 
during bating and scudding (nitrogen determinations on filtered bate and scud 
liquors) is recorded in Table II. The physical properties of the pelts and 
leathers are given in Table III.
TABLE I.
I n f l u e n c e  o f  B a t i n g , S c u d d i n g  a n d  R e l i m i n g  a f t e r  B a t in g  a n d  S c u d d i n g  
o n  P e l t  a n d  C h r o m e  L e a t h e r  Y i e l d  f r o m  C a l f s k i n .
EXPT. T R E A T M E N T  
NO .
W EIG H T (% o f lim ed weight)
PELT
; (mean)
LEATH ER
(individual)
LEATH ER
(mean)
5 A  Original limed pelt 100
D elim ed to pH  8 ... 89 21 24
Scudded 84 20 23-5
Bated ............... 96 24 23-5
Bated and scudded 88 23 23
Delim ed to pH  5 ... 83*5 23 26 23-1
Relim ed 2 days 101
D elim ed td pH 8 .. 97 17-5 23
Scudded 90 21 22
Bated 93-5 20 23
Bated and scudded 84 . 24 22-5
Delim ed to pH 5 ... 83 22 23 21-8
Relim ed 9 days 103
D elim ed to pH 8 ... 101 20 21
Scudded 93 21 22 >
Bated ............... 95-5 21 21
Bated and scudded 85 22 21-5
Delim ed to pH  5 ... 84 18-5 21 20-9
5B Original lim ed pelt ... 100
Delim ed to pH 8 ... 94-5 17-5 18-5
Scudded ................. 91-5 19 20-5
Bated 91-5 19-5 18-5
Bated and scudded 87-5 19-5 17-5 18-8
R elim ed 10 days 94
Delim ed to pH  8 ... 93 18 15-5
Scudded 82 18 16-5
Bated ................. 85-5 17 18-5
Bated and scudded 78 17 17-5 17-3
, ' • - TABLE II.
L o ss  o f  N it r o g e n  f r o m  C a l f s k i n  D u r i n g  B a t i n g , S c u d d i n g  a n d  R e l i m i n g .
N IT R O G E N  per 100 g lim ed collagen
M ATERIAL
Orig. Relim ed Relim ed
liming 2 days 9 days
Lime liquor ... ... —  . . . 0-031. 0-086
Water washes 0-11 0-018 . 0-020
Delim ing liquor to pH  8 ... 0-027 0-031 0-036
Delim ing liquor to pH 5 ... 0-015 0-008 0-013
Scud, before b a t in g ................. 0-003 0-005 0-009
Bate liquor ... ... 0-12 0-088 0-17
Scud, after bating ... ... 0-038 0-024 0-024
All liquors filtered' prior to determination.
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TABLE HI.
I n f l u e n c e  o f  B a t in g , S c u d d in g , a n d  R e l im in g  o n  C a l f  P e l t  a n d  C h r o m e  L e a t h e r .
Property Stage Treatment Original Relim ed Relim ed
liming 2 days 9 days
bad
v. good  
good  
fair 
good
9 days were 
3 those relimed 
in turn were 
to the original.
In other similar experiments, not reported in detail, the same qualitative 
effects were observed. Bated and scudded calfskins relimed with lime or lime 
plus sodium sulphide were less flaccid and compressible and much less easily 
scudded after deliming than the original. Compressibility, silkiness of grain 
and ease of scudding improved progressively on deliming to pH  9 ,7  and 5 and 
the pelt weight decreased : after scudding and re-hydration the pieces were 
all similar and of the same weight as those simply delimed to pH 5.
The main conclusions to be derived from this experiment are :
(i) Re-liming after bating makes re-bating necessary.
(ii) The longer the reliming the more bating is required and the more 
difficult does scudding become.
(iii) Deliming to the iso-electric point gives a pelt very similar to a bated 
pelt, but the leather is typical of that from an unbated skin.
(iv) Scudding can replace bating, but scudding following bating gives 
softer leather than either alone.
(v) Reliming after bating causes an appreciable loss of substance.
Expt. 6. The Influence of Temperature on Bating.
Reliming after bating results in the production of some material which 
may be removed by re-bating or scudding : this material must be derived from 
some skin constituent by the action of alkali. The material most likely to 
break down in this manner is collagen, which is known to be gradually con­
verted to a gelatin precursor on liming. If this precursor is, like collagen, 
relatively resistant to proteolysis, it may be necessary first to convert it into 
gelatin in order to be attacked by the enzyme of the bate. It is generally con­
sidered that skins cannot be bated much below 35° which may be the critical 
temperature for the conversion to gelatin. If this is so, it should be possible 
to bate at a temperature below 35° if the skin is first heated to effect the gelatin 
conversion.
Flaccidity
Compressibility
Colour of 
grain and 
softness
Pelt delimed to pH 8
„ delimed to pH  5
„ scudded
„ bated
„ bated and scudded
„ delimed to pH  8
„ delimed to pH 5
„ scudded
„ bated
„ bated and scudded
Leather delimed to pH 8
„ delimed to pH 5
„ scudded
„ bated
bated and scudded
poor
fair
v. good  
fair
v. good
poor
fair
v. good  
fair
v. good
v. bad 
v. bad 
good  
fair
poor
fair
v. good  
fair
v. good
(Those relimed  much inferior 2 days which. good J slightly inferior
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Pieces of limed calf and goatskin 2 in. X  1 in. were delimed and treated 
(in duplicate) as follows : '
A No further treatment
B Bated at 37° (calf, 1 hour with 0-4% Pancreol 2s ; goat, 6  hours with 
0\4%  Pancreol 5 a)
C Bated at 27° (as B but for twice the duration)
D Warmed in the deliming liquor to 40° for 10 mins. and bated at 27° as C 
E  Warmed in the deliming liquor to 45° for 10 mins. and bated at 27° as
C (goat only).
All pieces were pickled, tanned with the low basicity chrome liquor and dried 
without tension. The following differences were observed :
C a lf: Compressibility and silkiness of grain : no differences.
Flaccidity : A very bad, remainder fair but B slightly better.
Colour of grain and softness of leather : B =  D much better than A  =  C 
G o a t: Compressibility and silkiness of grain: A very bad, C =  D fair, B 
very good (E not examined)
Colour of grain and softness of lea ther: A bad, C fair, D good, E  better 
still, B very good.
These results indicate that substantially better bating is obtained if the 
skins are pre-heated to 40-45° before bating at 27°. The action of trypsin 
on gelatin is roughly twice as fast per 1 0 ° rise in temperature7 so that if 
gelatin conversion is completed by the 1 0  minutes pre-heating, bating for 
twice the time at 27° should be as effective as bating at 37°. With calfskin 
this result was achieved ; with goatskin the leathers bated at the lower tem­
perature were slightly inferior and the indications are that the pre-heating 
was not long enough, since pre-heating to 45° gave better results than pre­
heating to 40°. '
Expt. 7. Influence of pH on Bating.
If bating consists of the breakdown of gelatin, the optimum pH  of bating 
should coincide with the optimum for gelatinase activity, assuming that any 
influence of pH  on the gelatin transformation is negligible.
Pieces of limed goatskin 2 in. X 1 in. were delimed to pH  9, 8 , 7, 6  or 5 
with ammonium chloride and hydrochloric acid and bated at the same pH  with 
trypsin (Pancreol 5 a) , Staph, pyogenes albus protease (Cutrilin WW), B. 
subtilis protease, A . flavus oryzae protease, or papain for 7 hours. The pelts 
were pickled and tanned with the low basicity chrome liquor, fat-liquored and 
dried without tension.
The experiments were performed in replicate, and the leathers from each 
set of replicates were ranged in order of softness (with papain, also in order 
of grain colour) and given scores 1, 2, 3 etc., leathers of equal merit sharing 
the combined scores. The results are recorded in Table IV. Statistical analysis 
{t test) of these results showed that the following differences were significant 
at the 5% level:
Pancreol 5 a : pH 8 to pH 7, pH 8 to pH 6 , pH  9 to pH 6
Cutrilin WW : pH 8 to pH 6 , pH 9 to pH  6
B. subtilis : pH  9 to pH 8 , pH 9 to pH  6
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A. oryzae . : pH  7 to pH  6 , pH  8 to pH  7, pH  9 to pH  7
Papain : pH 6  to pH 5, pH 7 to pH 6 , pH  9 to pH 6  ;
pH 9 to pH 6  (colour of grain)
TABLE IV .
I n f l u e n c e  o f  pH o f  B a t in g  o f  G o a t s k i n  o n  t h e  q u a l i t y  o f  t h e  C h r o m e  L e a t h e r .
Enzyme Concn.
%
Additions N o. of 
Replicates
pH Total
Scores*
Pancreol 5A 0-4 — 6 6 9
7 131
8 20!
9 17
Cutrilin WW 0-4 — 6 6 9
7 15!
8 19
9 . 16!
B. subtilis 0-015 N H 4Cl,0-2% 4 6 13
7 10
8 12
9 5
A . oryzae 0-06 N H 4Cl,0-2% 4 6 9 !
7 12
8 6
9 8! **
Papain 0-05 N H 4C1,0-2°/o 4 5 11! 15!
N a 2S 0 3,0-05% 6 ' 19! 16!
7 10!  11!
8 12 10
9 6!  6!
* Based on softness o f leather.
** Based on colour o f grain.
Other differences were probably real, but masked by skin variability. The 
optimum pH  values for bating with these five enzymes are :
Pancreol 5a : pH 8-9, rather nearer 8
Cutrilin W W : pH 8-9, „ „ 8
B. subtilis : pH 6  or below -  8
A . oryzae : pH 7
Papain : pH  6  or slightly below
These agree reasonably well with optima for gelatinase activity (see Part II)7. 
The optimum for papain is at the iso-electric point of gelatin, i.e. 4; 8-5-0, 
but such gelatin had suffered a considerable degree of deamidation during 
processing : the gelatin formed in the skin during bating has been produced 
under the mildest possible conditions and it is not unlikely that its iso-electric 
point is above 5. These results provide confirmation, rather than conclusive 
evidence that the mechanism of bating involves the proteolysis of gelatin.
Expt. 8. Analysis of Scud and Bate Liquors for Hydroxyproline and Tyrosine.
As collagen and gelatin are the only proteins containing a significant 
amount of hydroxyproline of the order of 14%, and also a negligible amount
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of tyrosine10, analysis of scud and bate liquors should provide evidence as to 
how much collagen (and gelatin) and non-collagenous material is removed.
The results of the analysis of the fractions obtained in one experiment 
described under Expt. 6  are recorded in Table V from which a number of 
conclusions can be reached.
TABLE V.
T y r o s i n e  a n d  H y d r o x y p r o l in e  C o n t e n t s  o f  S c u d  a n d  B a t e  L iq u o r s  f r o m  C a l f s k i n .
Material Tyrosine
%
H ydroxy­
proline, %
Calculated 
as Collagen
Original lim ed pelt:
Scud before bating ... 0-016 0-0073 0-052
Bate liquor ................. 0-020 0125 0-90
Scud after bating 0-025 0-025 0 1 8
Bated and scudded, relimed 10 days.
Scud before bating 0-0056 0-029 0-21
Bate liquor 00108 0-49 3-5
Scud after bating 0-0040 0-22 1-6
Results given on dry pelt weight, assuming 14% hydroxyproline in collagen.
1. Scudding the original limed skin removed an appreciable amount of 
non-collagenous material, but negligible collagenous material, yet there was 
a great improvement in the leather. (The non-collagenous material contained 
a considerable amount of hair residues.) ;
2. Bating the original limed skin has removed both collagenous and 
non-collagenous material, with only a relatively small improvement in softness 
of the leather over the scudded skin.
3. Scudding after bating removed further appreciable quantities of both 
components with again only a slight improvement in softness.
4. The material removed on scudding the re-limed skin is quite rich in 
hydroxyproline as compared with the above fractions.
5. Bating the relimed skin removed a very considerable amount of 
collagenous material, though this material would have only a slight effect on 
the leather.
6 . Scudding the re-bated skin has removed a further large quantity of 
collagenous material.
It is clear, therefore, that neither the quantity of the hydroxyproline—: 
nor the tyrosine—containing components which can be removed by scudding 
or bating gives any indication of the material which it is essential to remove 
in order to produce satisfactory leather. The excessive amount of collagenous 
material removed by bating and scudding following reliming, also evident as 
loss of substance in the leather, is indicative that either the first bating 
rendered the collagen more susceptible to the action of lime or that enzyme 
action continued in or assisted the action of the lime. Whilst the alkalinity 
of a lime liquor is normally too high for tryptic activity, the adsorption of 
the enzyme by the collagen will stabilise it. To avoid this complication, a 
similar experiment was performed, the skins being only scudded prior to 
reliming. The pelt and leather yields are given in Table VI, and the hydroxy­
proline and tyrosine contents of the scud and bate liquors after reliming in
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Table VII. This time the reliming has caused no significant drop in pelt or 
leather yield and the loss of hydroxyproline in the bate and subsequent scud 
liquor was much lower.
TABLE VI.
In f l u e n c e  o f  S c u d d i n g  a n d  R e l i m i n g  o n  P e l t  a n d  C h r o m e  L e a t h e r  
Y i e l d  f r o m  C a l f s k i n .
W EIG H T (% of lim ed pelt)
JL JK.EAl,JYIJE,rN 1
PELT
(mean)
LEATH ER
(individual)
LEATH ER
(mean)
Original limed skin ... 100
Delim ed 96 19-4 20-6 20-0
Scudded 92 20-0 19-7 19-9
Scudded, relimed 10 days 100
D elim ed ................. 100 19-5 19-5 19-5
Scudded ................. 92 20-4 19-7 20-1
Bated 89 190  19-0 19-0
Bated and scudded 90 19-3 18-0 18-7
TABLE VII.
T y r o s i n e  a n d  H y d r o x y p r o l in e  C o n t e n t s  o f  S c u d  a n d  B a t e  L iq u o r s  f r o m  C a l f s k i n .
Material Tyrosine H ydroxy­ Calculated
% proline, % as Collagen
Scudded, relimed 10 days.
Scud before bating 00039 00069 0-049
Bate liquor 0-00074 0 1 8 1-3
Scud after bating 0-0055 0-031 0-22
Results given on dry pelt weight, assuming 14% hydroxyproline in collagen.
The quality of the leathers as judged by softness and colour was in the follow-
ing increasing order of m e rit:
Original limed <R elim ed <Relim ed, bated <R elim ed, scudded 
<Scudded <Relim ed, bated and scudded
The negligible amount of material removed by scudding the relimed skin 
can mean only two things ; either only a minute quantity of material has to be 
removed to obtain the bating effect, the remainder being unnecessary loss of 
hide substance ; or else its complete removal from the skin is unnecessary, but 
merely its displacement from the surface of the fibres into the interfibre spaces.
Expt. 9. Influence of Bating Enzymes on Subsequent Reliming.
Two explanations can be offered to account for the large losses of collagen 
occurring on re-bating a bated and relimed skin : the enzyme is influencing 
either the reliming or the re-bating. If the latter were true, which is possible, 
considering that the enzyme is already on the spot inside the skin and no 
penetration problems arise, then it should be possible to bate the relimed skin 
without adding further enzyme.
Pieces of delimed calfskin, 2 in. X 1 in. were bated, and half the number 
scudded also with the idea that some bating enzyme may be removed and the 
intensity of subsequent action thus reduced. The pieces were relimed in
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straight lime suspension for 7 days at room temperature, delimed and dealt 
with as follows prior to 'pickling c
A No further treatment
B Scudded
C Heated to 45° for \  hour in the deliming liquor
D Given a 6  hour bating treatment at 37° in the deliming liquor, without 
addition of bate.
They were then tanned with the low basicity chrome liquor, fat-liquored and 
dried without tension.
Prior to pickling, skins B and D were more flaccid and compressible than 
A  and C. Of the latter, those that had been scudded initially were better than 
those that had not. In the blue, skins A and C were very stiff, D fairly stiff 
and B very soft. The crust leathers ranged as follow s: C very bad ; A  bad ; 
D fair, and B good. In the blue and crust states no distinction could be 
detected between skins initially scudded or not.
The slight bating action observed at 37° for 6  hours indicates that some 
enzyme has survived the liming, but the main effect of the enzyme appears to 
be on the liming process itself.
Expt. 10. Influence of Pre-Heating on the Bating of Goatskin.
It has been shown above (Expt. 1) that the penetration of enzyme into 
goatskin during bating is relatively slow and this was suggested as the reason 
for the difficulty encountered in bating this type of skin. Subsequently it was 
shown (Expt. 7) that conversion of degraded collagen to gelatin by heat was 
probably involved prior to enzyme attack, and that goatskin required a more 
severe treatment than calfskin to bring, about this conversion. The following 
experiment was performed to ascertain whether the conversion to gelatin 
played an additional rate-controlling role in the bating of goatskin.
Pieces of delimed goatskin, 2 in. X 1 in. were given one of the following 
treatments :
A No treatment
B Heated in deliming liquor (pH 8-0) for 6  hours at 37°
C Heated in deliming liquor for \  hour at 45°
Pieces from each pretreatment were bated (0 -4% Pancreol 5a, pH 8-0) at 37° 
for 1, 3 or 5 hours and additional pieces were not bated. The skins were sub­
sequently pickled, tanned with low basicity chrome liquor, fat-liquored and 
dried without tension.
The heat treatment rendered the skins more compressible and flaccid, but 
the difference between them and the untreated skins became less after 1 hour’s 
bating and had disappeared altogether after 3 hours. A  slight difference was 
also detected with the unbated skins in the blue. The crust leathers, however, 
showed no differences attributable to the heat treatment. It can be concluded 
that the conversion of degraded collagen to gelatin if it does take place, does 
not influence the rate of bating of goatskin under normal conditions, i.e. at 
temperatures of the order of 37-40°.
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Discussion.
Any mechanism or combination of mechanisms which is proposed to 
explain the action of bating should take into account all the known changes 
occurring in the pelt and the differences resulting in the leather. These are 
as follows :
To the p e l t : Falling and development of flaccidity
Development of compressibility and ability to lose water 
on squeezing 
Development of permeability to air 
Loosening of scud 
Development of silky grain 
To the leather : Improved colour of grain 
Improved softness 
Improved run 
Flatter grain
As the result of the repetition of Seymour-Jones’ work6 it became evident 
that the effect of bating on the crust leather (colour of, grain, non-collapse of 
hair follicles, softness, stretchiness) must be due to the removal of some 
material whose presence predisposes the collagen fibres to stick together on 
drying. The effect on colour is by virtue of the increased surface area and 
light reflection due to separated as compared with stuck fibres. These effects 
are more obvious in the grain than in the corium because of its finer fibres 
and closer weave which assists the orientation of the fibres and their sticking 
together.
Materials whose removal has been suggested as an essential feature of 
bating are keratose11, interfibrillary protein12-13 and degraded collagen14-15. 
The evidence against these theories has already been discussed5 when it was 
pointed out that the only criticisms of M arriott’s /3-collagen theory14 were 
unconvincing, and the filamental collagen theory of Borasky and Rogers15 
was not supported by relating it to any of the known facts of bating. Evidence 
has now been produced to show that both these theories are substantially 
correct but require slight modification.
M arriott postulated the sequence :
a-collagen— -------- >- /3-collagen — ----->- gelatin — proteose —>- peptone
(native collagen) (form attacked 
by trypsin)
and Borasky and Rogers :
Intact collagen fibrils — ^ filamented fibrils (digested by trypsin) 
whereas the following scheme is now proposed :
collagen -lime-  > progelatin — - eat— > gelatin —-t^ypS-n— ^ low molecular 
weight peptides.
The terms /3-collagen and filamented collagen (in which individual fibrils have 
been cleaved longitudinally) are probably synonymous. The former does not
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give a clear indication of the nature of the material, whilst the latter is rather 
clumsy, hence the term progelatin ( = gelatin precursor) is proposed. The fact 
that scudding can partially or completely replace bating suggests that pro­
gelatin can be removed from skin by scudding.
The mechanism by which the intact collagen fibril is converted by the 
action of alkali (or acid15) into progelatin is not yet known and a detailed 
discussion is beyond the scope of this paper. The recent work by Gustavson16 
indicates that the collagen molecules are held together in crystalline form by 
three types of bond : polar (van der Waals), salt (carboxyl-amine) and chemical 
(hydroxyproline ester). Under acid or alkaline conditions the salt linkages 
break immediately leaving positively charged amino groups or negatively 
charged carboxyl groups respectively. These, by virtue of the mutual repulsion 
of parallel charged molecules, increase the diameter of the fibrils, water being 
drawn in to fill the voids so produced. Provided the fibrils remain intact, 
neutralisation restores them to their original diameter15 but the continuous 
fall in shrinkage temperature associated with liming17,18 points to some dis­
organisation of the fibrillar structure. This is most probably due to the 
hydrogen bond linkages not being fully restored. Acetylation of collagen also 
reduces the shrinkage temperature. Gustavson attributes this to acetylation 
of hydroxyproline OH groups which normally participate in the hydrogen 
bonding and account for the thermal stability of mammalian collagen.
Fibrils on the outside of fibres will not, however, be subject to the same 
restrictive forces as internal fibrils, when in the swollen state. Such fibrils may 
thus be expected to undergo disruption fairly readily compared with internal 
fibrils. A  similar state of affairs may exist to a lesser degree within the fibres 
in what might be called planes of weakness. It is, therefore, unnecessary to 
postulate the breaking of any chemical bonds in the disruption of the collagen 
fibril. (Gustavson’s evidence for the existence of hydroxyproline ester linkages 
is not necessarily conclusive). Thus liming not only leads to a general fall in 
shrinkage temperature, but also to a progressive degradation or filamentation 
of the fibrils, or, in the language of the practical tanner, to a loss of substance. 
Normally, the degraded collagen is removed in the bate, but with very extensive 
liming as carried out in gelatin manufacture some of it may dissolve in the 
lime liquor. There is little reason to doubt that the filamented collagen fibrils 
when denatured by heat become converted into gelatin in the same way as the 
tropocollagen of Gallop19 and the procollagen of Orekhoviteh et al20, which 
are almost certainly filamented collagen in solution.
The shrinkage temperature of filamented fibrils is reported to be 40°C1S 
which is near the lower limit at which bating can be accomplished. From 
kinetic studies on gelatin7, bating would be anticipated to require double the 
time at 27 °C as at 37 °C, whereas in actual fact little, if any, bating was 
obtained at the lower temperature. However, preliminary heating to 40°C 
(calf) or 45 °C (goat) enabled bating to be accomplished at 27 °C. It is very 
likely that in the presence of a proteolytic enzyme the shrinkage temperature 
of the filamented fibrils is reduced to about 35°C.
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Commercial gelatin production from limed skin requires temperatures 
considerably above 40 °C for complete extraction. Whilst a proportion of the 
collagen has been converted into progelatin by fibril filamentation in an 
alkaline condition, the remainder still exists as intact fibrils in which enough 
hydrogen bonds remain to stabilise the structure. The remaining bonds have 
to be broken by heat (which also causes filamentation particularly above 
40 °C13 which temperature represents the limit which may safely be used for 
bating21. Rupture of hydrogen bonding may take place above the shrinkage 
temperature of the collagen, hence the intermediate progelatin stage is not 
involved. Merrill22 showed the action of trypsin on limed collagen to rise 
steeply above 35 °C and suggested as far back as 1927 that bating tests at 
different temperatures should be capable of throwing light on the question of 
the function of the enzyme.
The Arazyme or Epilol process currently used for unhairing goatskins 
involves swelling the skins in caustic soda solution, neutralising, and treating 
with pancreatin at 30 °C. This is followed by a short bating, the need for 
which can now be readily understood. Pre-heating the skins to 45 °C prior to 
treatment with pancreatin at 30°C should enable bating to be dispensed with.
The correlation observed between gelatinase and bating activity for a wide 
variety of enzymes (Part I I7), and between the optimum pH  for gelatinase and 
bating activity found in the present work constitutes additional evidence that 
the true substrate for the bating enzyme is gelatin.
The collagen fibril represents a micro crystal in which polar groups 
\  (carboxyl, hydroxyl, amino, etc.) are orientated internally and mutually com­
pensate each other through salt and hydrogen bonding and van dar Waals 
forces. The disruption of a fibril releases these polar groups, so that fibres 
after acid or alkaline treatment have their surfaces, and any newly formed 
internal surfaces, covered with polar progelatin which glues the fibrils together 
when they dry. Drying under tension and fat-liquoring tend to reduce the 
sticking by keeping the fibrils apart during drying, and acetone dehydration 
has a similar effect23 because of its low surface tension compared with water. 
These effects are, however, reversible by degreasing, wetting back and re-drying.
In the raw skin the fibrils are laid down in bundles to form the fibres. 
These fibrils will stick together when dried in the chrome tanned state as 
shown by the leather produced from sweated or enzyme unhaired skin not 
subsequently limed. Whether this sticking is caused merely by their very close 
contact so that any slight surface polarity is fully made use of, or whether 
there is some interfibrillar material coating each fibril, e.g. mucopolysaccharide, 
which acts as a cement, is not known. The beneficial action of liming splits 
up the fibre into smaller units, a large number of fine fibres being more flexible 
than a smaller number of coarse fibres of the same total diameter. This effect 
can only be realised if the smaller fibres are prevented from re-sticking on 
drying, and this is the true function of the bating operation. There seems to 
be a limit to the degree of splitting which can occur, for in gelatin manufacture 
prolonged liming beyond a certain point does not increase the amount of 
gelatin extracted at the shrinkage temperature of the skin.
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The effect of bating on the depletion of the pelt is subsidiary. The action 
of lime on collagen results in a fall in the iso-electric point (from about pH  
7 0 or above to pH  5) due to a number of causes, the main one being the 
hydrolysis of the amide groups of asparagine and arginine to give free carboxyl 
groups24. Thus, deliming to pH  7-8 does not restore the pelt to its iso-electric 
point and it remains somewhat plumped. The plumping is due to the mutual 
repulsion of the fibres having a surface negative charge. The channels imbibe 
water by capillary forces, water which ^cannot be squeezed out except by 
extreme pressure. Any action which reduces the iso-electric point must be 
confined to progelatin, for when this is removed in bating, the iso-electric point 
is restored and the pelt “falls”. It is also noteworthy that the hydrolysis of 
the amide groups must be confined to the progelatin, i.e. the amide groups are 
not accessible to hydrolysis when confined in the collagen fibril crystal struc­
ture. It may be argued that amide hydrolysis Could be a requisite of progelatin 
formation, but this is ruled out by the fact that acid swelling produces pro­
gelatin also, but the iso-electric point is not lowered and there is no amide 
hydrolysis25.
Other features of bating, development of flaccidity, compressibility and 
air-permeability, and loosening of scud (i.e. hair residues), require no further 
explanation, since they are all dependent on “falling”. In a swollen pelt the 
follicle walls are constricted and the hair residues held more or less tightly ; 
on releasing this tension the residues are loosened. To understand why a bated 
pelt should be permeable to air whereas an enzyme unhaired or sweated pelt is 
not, the opening-up or fibre-splitting action of the lime has to be considered. 
It is also possible that mucopolysaccharide, which has a very high viscosity 
in aqueous solution, and which is to a great extent removed by lime, plays an 
important part. The question of flatness of grain, attributed by various workers 
to digestion of the erector pili muscle in the bate (cf ref. 5) can also be 
attributed to “falling”, and, as will be shown in a subsequent paper in this 
series, is a tactile rather than a visual effect. Silkiness of grain may be slightly 
influenced by “falling”, but the main effect, to be discussed in detail in Part V; 
is due to loss of occluded calcium carbonate (lime blast) from the grain surface.
Flatness of the grain of the leather, as distinct from the bated pelt, is 
dependent on a number of factors generally acknowledged to be due to 
differences in degree of swelling of adjacent layers of skin during tannage. 
Bating does, however, play some part, for a longer bating will give a flatter 
crust leather. This has been confirmed statistically with goatskins tanned for 
glazed kid26. It was shown (Expt. 1) that bating reduced the contraction of the 
grain when the leather was dried. The unbated grain surface suffered more 
contraction and was distinctly more wrinkled than that from the bated skin. 
When finishing a leather, it is usually re-dried under tension, and the softer 
the leather is, the more readily will any surface undulations be flattened.
It has been shown that the rate of bating of goatskins, and presumably 
other skins also, is controlled by the rate of penetration of the enzyme. It is 
common practice to delime only the surface of a skin prior to bating so that 
only the surface is. bated. Two factors will then retard bating of the interior,
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firstly the swollen condition impeding enzyme penetration, and secondly the 
high pH  inhibiting enzyme action. It has been stated27 that neither bacteriaL 
(.Bacillus subtilis) nor mould bates exhibit the same bating action as pancreatin, 
pancreatin being more surface acting, the microbial bates penetrating. Since 
the optimum bating pH  values are about 7 for the bacterial and mould, and 
about 8-3 for the pancreatic enzymes, if bating is carried out at these pHs 
the skin will be more swollen at the higher value and the enzyme will be less 
able to penetrate. For maximum equalisation of bating throughout the thick­
ness of a skin, bating should be carried out at the iso-electric point, though 
this would involve some sacrifice of enzyme activity. Papain would be the 
most suitable enzyme to use. The present work has confirmed Ackermann’s 
report28 that papain will bate skin, and is in contradiction to Anderson3 who 
states that it will not. Anderson’s result may be due to the fact that he used 
too low an enzyme concentration since it was based on gelatinase activity at 
pH  5.
It is usually considered by the tanner that the longer the liming goods 
receive (i.e. within the limits of leather manufacture) the shorter the bating 
required. This has been interpreted in the past as due to liming and bating 
carrying out the same function of removing some unwanted material. Actually, 
longer liming results in more material to be removed, but the increased split­
ting of the fibres should facilitate penetration of the enzymes. Another factor 
is that the longer the liming the softer would be the leather providing all the 
progelatin were removed. It may be desirable to underbate an overlimed skin 
to avoid too soft a leather.
The total amount of collagen or collagen degradation products removed 
during bating under normal conditions is very small (see Tables II, V, VII). 
In the present work about 1 % of the collagen was lost from calfskin on liming 
and scudding, which was, however, some 2 0  times the amount removed by 
scudding only, which produced a comparable leather. The indication is that 
a significant amount of intact collagen is unnecessarily attacked during bating. 
Eling and Lollar29, also using hydroxyproline determinations as a measure of 
collagen breakdown, found less than 0 -1 % collagen going into solution. 
They concluded that ‘it does not seem that removal of denatured collagen is a 
very significant function of bating” . The discrepancy between Eling and 
Lollar’s figures and those in the present work, large as they seem, are readily 
explained by differences in bating conditions, particularly temperature, which 
would affect the amount of intact collagen digested.
An observation of indirect application to the bating question is the 
stability of the bating enzymes on re-liming the skin. The relatively large 
amount of collagen lost on re-bating such a skin has been shown to be due 
to the influence of absorbed bating enzymes on the liming. This action takes 
place at a pH  and temperature far removed from the optimum of both enzyme 
action and enzyme stability, and is paralleled by the observations of Klanfer 
and Engelberg30 that bacteria were capable of growth and facilitated unhairing 
(presumably by secreting proteinases) in a limed calfskin. It is well-known 
that enzymes are stabilised by proteins, and bacteria are better able to with-
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stand adverse conditions when absorbed on solid surfaces. The enzyme action 
proceeding in a limed skin does not appear to involve hydrolysis of peptide 
bonds, but to assist the hydrogen bond breaking action of the lime. It has 
already been suggested above that trypsin lowers the shrinkage temperature 
of progelatin, and this also must be explained by an ability to break hydrogen 
bonds. It has been shown31,32 that the first stage of proteolysis of /3-lactoglobu- 
lin is denaturation by the enzyme, i.e. the proteinase is capable of denaturing 
the protein below the temperature of heat denaturation. This probably applies 
to other native proteins such as collagen. The adverse effect of reliming a 
bated skin may not occur in the presence of sulphide, i.e. at a pH  above 12 • 6 . 
Klanfer and Engelberg30 and Simoncini33 showed that bacterial activity was 
completely inhibited in sulphide-sharpened limes.
In all probability a similar state of affairs exists with skins sweated or 
enzyme unhaired, the subsequent liming having a more pronounced action by 
virtue of the proteolytic enzymes present. Sweating, at the present time, is 
confined to sheepskins having very inferior pelts, but the leather therefrom 
may be even further degraded in quality because of loss of substance in the 
limes. Addition of sulphide to the lime may well be beneficial in preventing 
enzyme action. In the present work, the leather from both enzyme unhaired 
or sweated goatskin subsequently limed and bated was inferior to that only 
limed and bated.
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INVESTIGATIONS ON BATING—IV. THE IM PROVEM ENT IN 
BATING ACTIVITY OF A BATE LIQUOR W ITH CONTINUOUS
PA RTIAL RE-USE.
By G. H. Green.
SU M M A R Y
The gradual improvement in bating activity which a freshly made 
bate liquor undergoes with continuous partial re-use seems to be due to 
the development o f particular species o f bacteria. A  number o f bacteria, 
mainly Bacillus and M icrococcus  spp. have been isolated from used bate 
liquors and characterized.
The improvement obtained when successive bate liquors are primed with 
the previous one is a phenomenon well-known to the practical tanner, but 
little is known of the reason for this improvement. Hollander1 showed that 
used synthetic bate liquors could increase in enzyme activity after the goods 
had been removed, and attributed this to the production of bacterial proteases. 
An increase in enzyme activity by itself cannot account for the improvement 
since similar results cannot be obtained by using a greater proportion of bate. 
In any case, only a relatively small amount of old liquor is usually carried 
over into the new.
The present work attempts to correlate changes which occur in the bate 
liquor with those differences in the bated pelt which are normally associated 
with improved bating. Similar findings relating to the crust leather will be 
dealt with in Part V. . J
Materials and Methods.
These were as described in Part I I I3 with the following addition:
. B a t in g  o f  G o a t  Sk in  P ie c e s .
200 g of trimmings from limed goat skin were delimed as described 
previously, and bated in a 1,000 ml. glass-stoppered jar placed in a heating 
coil which could be rotated in an axial plane. The float was 250% and the 
pH 8-0. Strict temperature control could not be obtained, but by switching 
off the heater at intervals, a temperature of 35-40° was maintained. T h e , 
bottle was rotated only during the heating periods, which covered approxi­
mately half the bating time.
Experimental.
Experiment 1. Variation in the Properties of a Bate Liquor with Age, and its 
Influence on the Bated Pelt.
200 g limed goat skin pieces (15-23 pieces) were delimed and bated in 
0-4%  Pancreol 5A for 7 h. The pieces were removed and the liquor stood 
overnight at 30°. The next day a further lot of pieces were bated in a liquor
comprising 25% old liquor, 75% water, and the same amount of Pancreol 5A. 
This process was repeated until 5-7 sets of pieces had been bated. The bated 
pieces were examined for compressibility, silkiness of grain, and looseness of 
scud (where present).
In three experiments out of five there was a progressive improvement in 
all these properties with the age of the bate and Table I illustrates one such 
result. The other two experiments showed no such improvement. In  three 
cases the liquor remained sweet-smelling throughout; in one case a strong, 
objectionable smell developed after 2 days due to a piece of skin being 
inadvertently left in overnight, and in the fifth case the liquor had been initially 
inoculated with an old commercial liquor and had a foul smell throughout. 
There was no relation between development of smell and improved bating.
The following experiments were performed to ascertain what changes 
were occurring in the bate liquor that might account for its improved bating 
action.
(i) C h a n g e s  i n  E n z y m e  A c t iv it y .
Gelatinase activity was measured on the unfiltered liquor at pH 7-5 by 
the method described in Part II3. Determinations were made immediately
TABLE I.
Influence of Age of Bate Liquor on Properties of t|ie Bated Pelt (Goat).
Bate Age, Compressibility Silkiness Looseness
days of Grain o f Scud
P M G . .. P M G . . P M G
Pancreol 5A .. 1 . . 33 56 11 . . 22 61 17 . . 25 58 17
2 . . 20 80 0 . . 13 74 13 , . . 10 70 20
3 . . 6 44 50 . . 12 69 19 . . 10 70 20
4 . . 6 31 63 . 6 63 31 . 0 62 38
5 . . 13 20 67 . 0 40 60 . 0 36 64
6 . . 0 0 100 . . 0 15 85 . 0 11 89
7 . 0 6 94 . . 0 17 83 . 0 13 8 7
Cutrilin W W  . . 1 . . 42 29 29 . . 42 50 8 . . 29 57 14
P = p o o r , M =m oderate, G = g o o d .
Figures represent percentages in each group.
after bating and after standing overnight. The results, recorded in Table II, 
are compared with the activity of a 1 0 %  extract of the bate filtered and 
diluted to 0-4% .
TABLE II.
Variation in Enzyme Strength of a Bate Liquor with Re-Use.
Age of ----------  STR EN G TH , as % o f original ----------
Liquor, Before bating After bating After standing 
days overnight
0 100 89 75
1 119 137 100
2 125 134 138
3 135 137 135
4 134 134 . —
There is neither a consistent increase nor decrease in activity during bating 
or whilst standing overnight, but when equilibrium is reached after 2 days the 
strength remains steady. The indications are that a loss of activity occurs 
initially due to absorption by the skin, denaturation, bacterial action, or com­
binations of these and that this loss is eventually balanced by production of 
bacterial proteases. However, in the experiment to which these figures refer, 
improvement in bating continued over the whole 5 days, whereas gelatinase 
activity ceased to rise after the bate had been used 3 times. Since enzyme 
strength is not a guide to the bating action, three other possibilities were 
considered:
(i) that colloidal material was being formed which absorbed the enzyme 
and rendered it more effective4,
(ii) that the bacterial enzymes were more powerful bating agents than 
the pancreatic ones,
(iii) that species of bacteria developed capable of bating without produc­
ing appreciable amounts of extra-cellular enzymes.
The first possibility was disposed of by showing that the liquor retained 
its full activity after centrifuging to remove all colloidal matter. Testing the 
other two possibilities involved the isolation, characterization, and assessment 
of influence on bating of the individual species present in the used bate liquors.
( ii)  T o t a l  C o u n t  o f  A e r o b ic  B a c t e r ia .
Bacteria were counted by plating on to nutrient agar and incubating at 
37 °C for 2-3 days: the results of two sets of counts are recorded in Table III. 
They show a rate of increase in numbers depending on the initial count, and 
a maximum was reached at 107—10s per c.c. However, this maximum was 
reached before the bate attained its maximum activity, so that numbers alone 
do not account for the increased bating activity. Strictly anaerobic bacteria 
are not included in the aerobic count, but their numbers were negligible com­
pared with obligate and facultative aerobes.
TABLE III.
Variation in Bacterial Count of a Bate Liquor with Re-Use.
Expt.
N o.
A ge of 
Liquor, 
days
Before
bating
After bating After standing 
overnight
1A 0 30 < 1 0 0 < 1 0 0
1 — < 10,000 400,000
2 — 830,000 1,200,000
3 — 21 ,000,000 46,000,000
4 — 15,000,000 —
IB 0 18,000 1,500 10,000.000
1 — 400,000,000 62,000,000
2 — 2,700,000 200 ,000,000
3 — 510,000,000 240,000,000
4 — 34,000,000 —
( iii)  S p e c ie s  o f  B a c t e r ia  P r e s e n t .
Isolation of both aerobic and anaerobic bacteria was carried out by 
plating out on nutrient agar. Blood agar was also tried for the anaerobes but 
offered no advantage, in fact it was much more difficult to distinguish between 
types of colony. The majority of the bacteria growing on the anaerobic plates 
were facultative and grew much better under aerobic conditions. No faculta­
tive anaerobes were isolated which were not detected on the aerobic plates. 
Heating the bate liquor to 70° for 1 h prior to plating out was tried as a 
means of separating the spore formers, but invariably none survived.
A  list of the aerobic bacteria characterised is given in Table IV. The 
majority were bacilli and micrococci with one or two non-sporing rods. The 
once-used liquor contained almost exclusively bacilli probably derived from 
the limed skin (cf. Simoncini5, Klanfer, and Engelberg6) but as the bate became
TABLE IV.
List of Bacteria Isolated from Bate Liquors.
Ref. N o. Identity*
C IA -1 Bacillus sp.
C IA -2 Bacillus subtilis
C IA -4 Pseudom onas sp.
C 4A -8 M icrococcus sp.
C 4A -9 M icrococcus sp.
C 4A -17 M icrococcus epiderm is
C 7B -2 Bacillus sphaericus var.
C7B-3 M icrococcus pyogenes albus
C7B-21 Bacillus subtilid  var.
C 7A -7 M icrococcus pyogenes albus var.
D 1 A -4 Bacillus sp.
D 1 A -5 Bacillus sp. D 1 A -4  var.
D 4A -6 Bacillus sp. D 1 A -4  var.
D 7A -1 M icrococcus sp.
D 7A -5 Proteus sp.
EO A-1 M icrococcus sp.
EO A -3 M icrococcus sp.
E O A -5 M icrococcus sp.
E4A-1 M icrococcus sp, EO A -1 var.
E 4A -2 M icrococcus sp, EO A-1 var.
E 4A -4 M icrococcus sp. EO A -1 var.
E 4A -14 Proteus sp.
*Species were identified according to Bergey’s M anual o f  
Determinative Bacteriology (6th edit.). Where only the Genus 
is given the species has not been described hitherto. In order 
to econom ise in space detailed characterizations have not been 
given. The cultures have been preserved and these and details 
o f the characterizations can be obtained from the author.
older the micrococci predominated. The micrococci were able to suppress the 
growth of bacilli, possibly through the formation of antibiotics, for if a 
sterilized 6-day-old bate liquor (autoclaved or passed through a bacterial 
filter) was used to prime the next liquor, the predominant bacteria were still 
micrococci. Unfortunately, in that experiment in which the sterile liquor was 
used to prime the subsequent one, no improvement in bating was obtained
over the whole course of the experiment, so that it was not known whether 
the growth of the micrococci was responsible for the improvement in the bate 
obtained in other experiments.
Experiment 2. Bating of Goat Skin with Added Bacterial Cultures.
Pieces of limed goat skin 2 in. x l  in. were bated in 0-4% Pancreol 5A 
for 6 h. Some liquors were made up with distilled water, others with 25% 
nutrient broth, and others with 25% of a 24 h broth culture of one of the 
various bacterial species isolated from bate liquors (Experiment 1). Four 
pieces of skin were used for each treatment. The pieces were pickled with 
1% sulphuric acid, tanned with 33% basic chrome liquor, fat-liquored, and 
dried without tension.
The bate liquors were kept overnight at 30° and plated out to ensure that 
the bacteria had survived or had not been outgrov/n by other species. In all 
cases the added species was either the sole or the predominant species present. 
The liquors containing water only were comparatively sterile, whilst those 
with added sterile broth contained a mixture of bacilli and micrococci, but in 
much smaller numbers than those liquors to which bacteria had been added. 
Liquors with water or sterile broth were practically odourless; those with 
added bacteria had various characteristic smells, none of which resembled a 
long-used commercial liquor or any of the liquors developed in Experiment 1.
No significant differences were observed in the properties of the skins 
bated in water and in sterile broth, nor between the leathers therefrom, but 
considerable differences in softness were noted in some of the leathers from 
skins bated with added bacteria. Twelve species were tested, with the follow­
ing results:
Bacteria giving no improvement: C4A-17, C7B-2, C7B-3, C7B-21 
slight „ : C4A-9
„ „ moderate „ ; C4A-8, D4A-3, D4A-6, D7A-1
„ considerable „ : D7A-5, EOA-1, E0A-5.
Comparison of these results with the morphological features and biochemical
characteristics of the bacteria showed that bating action bore no relationship 
whatsoever to gelatin liquefying power of the bacteria, nor indeed to any other 
morphological or biochemical property examined.
Discussion.
The present work has shown that the improved bating obtained with 
continuous partial re-use of a bate liquor is associated with a gradual change 
in the bacterial flora of the liquor, and that a fresh liquor can be improved by 
the addition of cultures of specific bacteria. According to the theory of the 
mechanism of bating developed in Part I IP  it would be anticipated that 
bacteria capable of enhancing bating action would be able to liquefy gelatin, 
since the function of bating is to break down gelatin produced from progelatin 
arising from the action of alkali on the collagen. This, however, is not the 
case. Of the three species recorded as giving considerable improvement, only
one was proteolytic; and of the four species giving no improvement, three 
were proteolytic. Two possible explanations can be offered for this anomaly. 
The first is that the presence Of one species may encourage the symbiotic 
growth of other species already present in the skin. Of the seven species giving 
moderate or considerable improvement, only one was isolated uncontaminated 
after bating. The second explanation is that the bacteria are able to hydrolyse 
gelatin without producing an excess of extra-cellular enzymes, their rate of 
proliferation and penetration into the skin being more important than their 
proteolytic activity. This ties up with the observation that improved bating is 
not necessarily accompanied by an increase of enzyme activity in the liquor.
It was frequently stated when artificial bates were introduced, and still is 
in some quarters, that they are inferior to the natural dung bates, particularly 
with hard-natured skins like goat. It is not unlikely that the superiority of the 
natural bate is connected with its bacterial flora. This question will be con­
sidered in further detail in Part VI.
The participation of bacteria in the bating process means that the relation 
between bating activity and gelatinase activity established earlier3 does not 
necessarily apply. Synthetic bates normally have a very low bacterial content 
and it is unlikely that these bacteria would be able to influence the bating 
unless it is very prolonged. The enzymes and inactive material present may, 
however, influence the rate of development, and the species, of bacteria in 
the bate but this is unlikely to be of consequence with bating periods of less 
than six hours. I t  is with goat skins which require a relatively long bating 
period that discrepancies may arise between bating and gelatinase activity.
The author is indebted to the Director and Council of the B.L.M.R.A. 
for permission to publish this paper.
The British Leather M anufacturers’ Research Association,
M ilton  Park,
Egham, Surrey.
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INVESTIGATIONS ON BATING— V. THE INFLUENCE OF LIM E 
BLAST ON BATING AND SCUDDING.
By G. H. Green.
SU M M A R Y
Lime blast, due to microscopic particles o f  calcium carbonate in 
a skin, is the principal cause o f roughness o f the grain o f a delimed  
skin. Its loss during bating, due to depletion o f the skin and possibly  
partly due to dissolution, is the main reason for development o f silkiness.
The presence of lime blast makes scudding of the delimed or bated 
skin more difficult. It also impedes the bating of goat skin but not of 
calf skin. Scudding can replace bating with calf skin and w ool sheep 
skin but only partly with goat skin and hair sheep skin.
The improvement in bating obtained by continuous partial re use 
of a bate liquor, as related previously to the quality of the bated pelt 
(Part IV)2, has now been related to the crust leather.
Lime blast may take two forms; (a) the absorption of carbon dioxide 
from the air leading to formation of calcium carbonate on the grain surface 
associated with a rough feel and sometimes whitening; and (b) partial drying 
out of a limed pelt containing sodium sulphide, causing the development, by 
concentration, of a high alkalinity of the surface, and tendering of the grain. 
This paper is concerned only with the first aspect and its influence on bating 
and scudding.
Materials and Methods.
These were as described in Part III of the series1.
Experimental.
Experiment 1. Influence of Deliming procedure on Bating.
Pieces of limed goat skin 6 in.X 3 in. were delimed as follows:
(a) Washed in running tap water for 1 h.
(b) As (a), then shaken with 1 % ammonium chloride in 300% distilled water. 
The liquor was brought to pH 8 • 0 with hydrochloric acid.
(c) As (b) except that liquor was repeatedly adjusted to pH 8-0 until it 
remained constant.
(d) As (a), then shaken with three lots of 1% ammonium chloride in 300% 
distilled water with water rinses in between. The pH of the final liquor 
was 8-0.
All pieces were stored overnight at 0-4° in their last liquor and then bated in 
individual bottles for 7 h, the liquors being adjusted to pH 8 0 at intervals 
until constant. The test was run in duplicate using two bating materials, one 
bacterial and one pancreatic.
The used bate liquors were analysed for nitrogen, ash and enzyme 
activity, and the bated pelts weighed and examined for silkiness of grain and 
looseness of scud. The pelts lost no significant weight during bating and the 
loss of nitrogen (pancreatic bate) amounted to only 0*5-0-6% . Looseness of 
scud as judged both manually and from the colour of the bate liquor increased 
with extent of deliming, ranging from poor to very good on skin tests. Silki­
ness of grain improved in a parallel manner.
The bated skins were tanned with 33% basic chrome liquor and dried 
under tension. The leather from the four deliming procedures was identical.
The results indicate that the more thorough is the removal of lime from 
the skin prior to bating, the more readily is the scud loosened and the grain 
rendered silky during bating. These differences cannot be due to differences 
in pH of bating since less than 1 h was required even with the water-washed 
skins (a) to achieve a constant pH in the bate liquor; and the initial high pH 
did not cause any destruction of enzyme since all liquors had almost identical 
enzyme strengths at the end of bating. It appeared that roughness of the grain 
was due to calcium carbonate, which could be removed by deliming more 
readily than by bating, and that the presence of calcium carbonate impeded 
scud removal.
Since the bate liquor is, in effect, a deliming liquor also, it appears 
anomalous that release of calcium carbonate should occur more readily in the 
straight deliming liquor than in the bate liquor. Two explanations can be 
offered. An ammonium chloride solution has a pH about 4*8 which is that 
of the iso-electric point of limed skin. When skin is placed in such a solution, 
the surface of the skin will be depleted, but the extent to which depletion 
occurs will depend on the pH within the skin, the alkali from within diffusing 
out more or less rapidly to restore the plumping. The swollen fibres grip the 
calcium carbonate crystals and prevent their release. The deswelling of the 
surface fibres at the iso-electric point permits the mechanical release of 
the crystals, but the extent to which this occurs depends on how long they 
remain depleted. In the bate liquor, depletion of the surface occurs only when 
it has been bated and the iso-electric point restored to its original value of 
pH 7-91. The second explanation is that ammonium chloride solution at 
pH  4*8 will dissolve calcium carbonate according to the equation
2NH4C1+ 2CaCOs+ 2HsO =  2NH4O H + C a(H C 03)2+ CaCl2
and the pH rises to about 7 • 7. Thus the extent to which surface decarbonation 
occurs by chemical action is also dependent on the pH relationship between 
the liquid and the interior of the skin, and will not occur at all in a bate liquor 
at pH 8 0.
Though the calcium carbonate left in the skin did not affect the leathers 
in this experiment, this was due to their being dried under tension which, as 
shown previously1, minimises differences due to bating. This is proved in 
subsequent experiments.
Experiment 2. The Influence of Calcium Carbonate on Silkiness of Grain and 
Scud Looseness.
Pieces of limed goat skin were partially delimed by washing in running 
tap water for 1 h and bated in 0-4% Pancreol 5A containing the following 
additions:
(i) Ethylene , diamine tetra-acetic acid (EDTA), disodium salt, 0 1 %
(ii) „ „ „ „ „ „ , „ 0-5%
(iii) Sodium tripolyphosphate 0-1%
(iv) „ „ 0-5%
(v) No addition.
The treatment with 0-5% EDTA gave a very much silkier grain than the 
other four treatments which were about equal in effect. It also released much 
more scud into the liquor and the residual scud was looser. The lower con­
centration of EDTA and of the tripolyphosphate gave no appreciable effect. 
The calcium content of skin (ii) was 0 -775% (dry basis) compared with 0-81% 
for the control (v). Thus it is necessary to remove only a comparatively small 
amount of calcium from the grain surface to achieve a considerable improve­
ment in silkiness.
In the absence of enzyme, EDTA had a negligible effect, the grain being 
much rougher and the scud much tighter even than with a bated skin with 
no addition of EDTA. The calcium-sequestering action of the EDTA would 
appear to be insufficient to dissolve the surface carbonate completely but a 
reduction in size of the carbonate particles might possibly assist their removal 
as the skin depleted during bating.
In a further experiment, pieces of goat skin were bated with either 
Pancreol or Cutrilin with the addition of 0-2-0 8% calcium chloride to the 
liquor. Increasing calcium content of the liquor resulted in poorer silkiness of 
the grain; scud release was also adversely affected, 0-2% calcium chloride 
having a very marked effect whilst further amounts had a lesser but significant 
effect. The amount of nitrogen dissolved by the Pancreol bate rose with 
increased calcium chloride concentration from 0-54 in the absence of calcium 
chloride to 0-73% with 0*8% with calcium chloride present. Corresponding 
figures with the Cutrilin bate were 0-42 and 0-62%.
The inhibitory action of calcium chloride on calcium carbonate removal 
could conceivably be due to its saturating some calcium-sequestering activity 
developed during bating, e.g., that of amino acids. To ascertain whether the 
bating digestion products might have a sequestering action, various amounts 
of gelatin up to 2% were added to the bate liquor prior to bating, without any 
appreciable effect on silkiness of grain or scud release. Also, no sequestered 
calcium whatsoever was found in repeatedly used bate liquors. The only 
alternative explanation which can be offered is that chemical solution accord­
ing to the equation on p. 311 proceeds, albeit very slowly, even at pH 8 but is 
repressed according to the law of mass action by the presence of calcium ions 
in solution.
Further confirmatory evidence that calcium carbonate is responsible for 
roughness of grain was obtained (a) by drumming a bated skin with 0-5% 
EDTA  in 5 % salt solution at pH 8, and (b) by pickling and depickling a bated 
skin. In both cases extremely silky grains were produced. When the bated 
skins were pickled in a closed bottle a considerable pressure of gas was pro­
duced. Microscopical examination of formalised sections (at pH 8) of bated 
skin under polarised light showed clearly through the whole thickness of the 
skin, the" presence of crystalline occlusions varying from 0-025-0-35 mm in 
size, the. majority being 0-05-0 1 mm. There was no particular concentration 
of crystals at or near the grain surface, nor did skins having a very silky grain 
appear free from crystals at the surface. Treatment of the bated skin with 
EDTA considerably reduced the number of crystals whilst pickling and 
depickling eliminated them completely.
Throughout this work a correlation between silkiness of grain and scud 
looseness has been observed. Thus when shaken with EDTA, the grain of the 
bated skin became silkier qnd the scud very much looser. It would appear 
that calcium carbonate in the follicle is acting as a cement fixing the residual 
hair shaft, though no microscopical confirmation of accumulations of carbonate 
round the shaft could be obtained.
Experiment 3. Influence of the Age of a Bate Liquor on the Quality of Leather 
from Lime Blasted and Normal Goat Skin.
In earlier experiments on the re-use of a bate liquor (Part IV)2, improve­
ment in bating was judged solely by grain silkiness and scud release. In two 
experiments out of five no improvement was achieved, and it was believed as 
a result of subsequent work on the influence of calcium carbonate, that the 
skin pieces used in these two experiments had a reasonably silky grain in the 
first place so that small differences were missed. To check this point, skin 
pieces were deliberately blasted and compared with others freed from blast 
and re-limed under controlled conditions to minimise carbon dioxide uptake. 
After bating, the skins were tanned to determine how lime blast affected the 
leather and whether any effects were due to calcium in the skin or to carbonate 
impeding the bating action. As a strongly acid pickle has been shown (Experi­
ment 2) to remove carbonate completely, this pickle was chosen for half the 
skins, and a very light pickle and weakly acid tannage at pH 5 for the other 
half.
Two pieces 14 in. X8 in. were cut from opposite sides of a limed goat 
skin. One piece was delimed and pickled with sufficient sulphuric acid to give 
a residual liquor below pH 3: it was then depickled with salt and sodium 
acetate, washed free of chloride and re-limed for 2 days in straight lime. The 
second piece was exposed to the atmosphere for 2-3 h a day for 4 days, the 
remaining period being spent immersed in a straight lime liquor. Both pieces 
were cut into 56 pieces 2 in X l in., delimed with water and ammonium 
chloride, using tap water for the blasted and distilled water for the non­
blasted pieces. They were stored in water at 0-4°. Eight pieces of each set
were bated separately with Pancreol 5A, 4 pieces for 1 h and the remaining 
4 for 6 h. The liquors were kept overnight at 30° and on each of the following 
6 days 8 more pieces were bated in 25% old liquor plus 75% water using the 
same amount of Pancreol bate. The bated skins were washed in running water 
and stored in water under toluene until the eighth day. Half the area of each 
piece was scudded. Half the number was pickled with 1£% and half with \%  
sulphuric acid (equilibrium pH 3 and 4-6 respectively). These were further 
subdivided for tannage with chrome and mimosa at high and low pH  values. 
Each tannage was fat-liquored separately and the leathers dried without 
tension.
Limed Skins.—Whereas the blast-free skin had a smooth, slippery grain, 
the blasted one was very rough. During bating an appreciable amount of 
calcium carbonate was released into the liquor from the blasted skin.
Bated Skins.—Both compressibility and flaccidity followed the same 
pattern. The pieces bated 6 h were better than those bated 1 h; the blast-free 
were slightly better than the blasted, though the 6 h blasted pieces were better 
than the 1 h blast-free; there was no variation over the 7 days. All the blast- 
free skins had a very silky grain, 6 h bating being better than 1 h, with no 
variation over the 7 days; the blasted skins were all rough, the 6 h ones 
showing a slight but progressive improvement with the age of the bate and 
the 1 h skins a very slight improvement. Scud was removed easily from the 
blast-free skins, but with difficulty from the blasted skins. In the latter case 
appreciable amounts of calcium carbonate were removed with the hair 
residues.
Fat-liquored, Undried Leathers.—Chrome leather made from the 
blasted skins was inferior in appearance, softness and flexibility to that from 
blast-free skins. Only in the case of blast-free skins tanned at the low pH 
were the leathers from the 6 h bated skins better than those from the 1 h 
bated skins. The low pH tannage gave a more flexible, and with the blasted 
skins a lighter coloured, leather than the high pH tannage.
With the vegetable leathers, only those tanned at the high pH showed 
appreciable differences; those receiving 6 h bating being more flexible than 
those having had only 1 h. The high pH tannage gave a softer and more 
flexible wet leather than the low pH tannage.
Crust Leathers. Chrome.—All the scudded areas had an identical, 
uniform pale green colour on the grain, whereas the unscudded areas were 
darker to varying degrees. The differences were much greater on the blasted 
skins, particularly those tanned at the high pH; at the low pH the difference 
was more pronounced with only 1 h bating than with 6 h, and with the 1-3 
day old bates than with the later ones. The effect of scudding was barely 
detectable on the blast-free skins tanned at the high pH.
Softness and flexibility varied appreciably according to treatment, as 
follows:
Blast-free better than blasted.
6 h bating better than 1 h bating (low pH, unblasted, only).
Continuous improvement with age of liquor (blast-free, bated 6 h, only), 
appreciable with low pH tannage, slight with high pH.
Low pH tannage better than high pH tannage.
Scudded areas better than non-scudded areas, particularly with all blasted 
skins tanned at the high pH and with 6 h bated skins tanned at the 
low pH.
Differences in smoothness of the grain to the touch were confined to the 
blasted skins tanned at the high pH, where the non-scudded areas were 
definitely rougher than the scudded areas, particularly with only 1 h bating.
Microscopical examination was made of sections of leathers showing an 
appreciable difference between scudded and non-scudded areas. The fibres of 
the non-scudded area were considerably stuck in the middle of the grain, and 
generally less opened up than the grain of the scudded area where no sticking 
was observed. The grain was also shallower and more birefringent than the 
non-stuck areas (bated 1 h, high pH tannage) though no crystalline material 
could be detected.
, Vegetable.—Skins tanned at the low pH were a much lighter colour 
than those tanned at the high pH. Where scudding affected the colour of the 
grain it made it lighter. Its effect was much more pronounced with the high 
pH of tannage compared with the low, and with the blasted skins as against 
the blast-free. As would be expected, the non-scudded areas of the blasted, 
high pH tanned skins were worse after only 1 h bating than after 6 h, though 
neither showed any improvement over the 7 days; with the corresponding low 
pH tanned skins the non-scudded areas of the 1 h bated skins showed a slight 
improvement over the 7 days. The corresponding areas of the 6 h bated skins 
showed an improvement from the first to the second day only. The only blast- 
free skins whose non-scudded areas showed an improvement with age of bate 
were those tanned at the low pH, the effect being visible from the first to the 
second day.
Dyeing Characteristics.
To ascertain the effect of scudding on dye uptake, all pieces bated with 
6 and 7 day old liquors were dyed. Chrome leathers were wet back in water 
plus a non-ionic wetting, agent and dyed with 1% Neolan Grey R C  (Clayton 
Dyestuffs Co. Ltd.) in 400% water at 65° for \  h. Vegetable leathers were 
dyed with 1% Coomassie Milling Scarlet GS (I.C.I. Ltd.) in 400% water at 
45° for \  h. The dyed leathers were dried without tension.
In the case of the chrome leathers the differentiation between scudded 
and non-scudded areas was eliminated at the high pH tannage, but accentuated 
at the low pH where scudded areas gave better dye uptake and more level 
colour. No distinction developed where there was none prior to dyeing. The 
levelling of the colour on the high pH tanned skins may have been fortuitous, 
the extra dye taken up by the scudded area balancing the deeper colour of the 
non-scudded area.
With the vegetable leathers the differentiation remained to about the same 
degree. Whereas scudded areas were a bright colour, areas showing a scud 
effect appeared dirty.
%
The results of this experiment may be summarised as follows:
1. Duration of Bating.—Most of the properties known to be affected by 
bating were affected more by bating 6 h than 1 h. These included com­
pressibility, flaccidity, and silkiness of the grain of the bated skin; softness 
and flexibility of chrome leather in the blue (blast-free, low pH tannage only) 
and of wet vegetable leather (high pH tannage only: all the others were fairly 
stiff making manual assessment difficult). The effect of residual scud (exclud­
ing hair residues) on the blasted skins, noticeable at the high pH tannage, 
became less pronounced with the longer bating.
2. Age of Bate L iquor.—The only properties observed to improve with 
the age of the bate liquor were silkiness of the bated grain and softness of the 
crust leather. Improvement in silkiness was confined to blasted skins and 
improvement in softness to blast-free skins. The effect on silkiness was more 
pronounced with the longer bating. The effect on softness was observed only 
with the longer-bated, blast-free skins and was much more pronounced with 
the low pH  tannage. As this improvement occurred under conditions where 
any effect due to calcium carbonate in the grain was reduced to a minimum it 
is unlikely to be connected with loss of carbonate during bating. The blasted 
skins were difficult to assess for softness and no correlation with the age of the 
liquor could be obtained, though it is not improbable that it did exist.
3. Effect of Blast.—The blasted skins still had a rough grain after delim­
ing whereas the blast-free skins were silky. During bating, the grain of the 
blasted skins improved and there was a parallel loss of calcium carbonate 
into the bate liquor. This would appear to be mechanical and due to depletion 
of the fibres. The presence of carbonate made the removal of hair debris by 
scudding very difficult. Besides hair debris a considerable amount of carbonate 
was removed, resulting in a marked improvement in silkiness.
Blast affected crust leathers on the non-scudded areas only. As the pickle 
effectively removes calcium carbonate, the effect on the leather must be due 
to some material other than calcium carbonate which can be removed by 
scudding and whose removal in the bate is impeded by the calcium carbonate. 
Alternatively, the calcium carbonate impedes penetration of the bating 
enzymes.
4. E ffe c t o f  Scud.—Non-scudded areas of the chrome leather were darker 
in colour on the grain, rougher and not so soft as the corresponding scudded 
areas, but the differences were confined mainly to blasted skins given a high 
pH tannage. Microscopical examination of sections of blasted unscudded 
chrome leather showed extensive stuck areas.
Experiment 4. Influence of Lime-Blast, Bating, Scudding and Tannage on 
Calfskin Leather.
Two pieces 8 in. X  5 in. were cut from opposite sides of a limed calf skin. 
One piece was lime-blasted by exposure to air for two 2-3 h periods on 3 con­
secutive days, resulting in a distinctly rough grain. Both pieces were otherwise 
kept in a straight lime liquor at 0-4° during this period. Each piece was 
divided into 20_ pieces 2 in. X  1 in. and delimed with water followed by 
ammonium chloride using tap or distilled water for the blasted and non-blasted 
pieces respectively. Both sets were bated separately with 0-4% Pancreol 2S, 
four pieces being removed from each liquor at intervals of 0, 1 and
1} h. They were washed in running water, one half of each piece scudded, 
then pickled and tanned with either vegetable or chrome tan at the high or 
low pH as described in Experiment 3.
During the course of bating, calcium carbonate was released into the 
liquor from the blasted skins. Both blasted and non-blasted skins (the latter 
were not deliberately freed from blast so that a small amount would be 
expected to be present) showed a progressive improvement in silkiness of 
grain with duration of bating, but the blasted skins bated i \  h were still much 
inferior to the non-blasted, unbated skins. No differences were detected in 
compressibility. Scud removal was much easier with the non-blasted skins.
Assessment of the leathers for softness was difficult in view of their small 
size and relative stiffness as compared with goat skin, and no difference could 
be detected due to variations in treatment. Differences in colour of the grain 
between the non-scudded and scudded areas, which from previous work (Part 
HEX could be attributed to differences in degree of sticking of the surface 
fibres, were observed as follows: unbated, very pronounced; bated \  h, slight; 
bated \  h, barely detectable; remainder, none. The differences were the same 
for corresponding blasted and non-blasted pieces, and were more pronounced 
with the high pH tannage, particularly in the case of the vegetable leathers.
Thus, contrary to the case with goat skin, lime-blast had no influence on 
the crust leather but merely made scudding more difficult. If the removal of 
hair residues makes it necessary to scud then lime-blast is a distinct disad­
vantage. If hair residues are absent or their retention immaterial, these results 
indicate that lime-blast is then not detrimental, but experiments on whole 
skins finished in the tannery would be required to confirm this. I t must be 
pointed out also, that the calf skin used in this experiment had already been 
scudded by machine in the limed state at the tannery, and whilst this would 
by no means have removed hair residues completely it may have removed 
other constituents of the scud and made the bating a. little easier. One 
important result from this experiment was that scudding after deliming was 
as effective as 1 h bating.
Experiment 5. Influence of Bating and Scudding on Chrome Leather from 
Goat Skin Unhaired without Lime.
A piece of dry-salted goat skin 5 in. x 2  in. was soaked back in the 
tannery, re-salted, soaked to remove salt and unhaired in a 400% float of 1%
sodium sulphide (100%) solution in 4 h. The pulped hair was washed off in 
running water and the pelt treated with 0 • 1 % sodium hydroxide for 3 days. 
It was then divided into five pieces 2 in. X 1 in., washed in running water, 
neutralised with ammonium chloride and bated with 0-4% Pancreol 5A, 
pieces being removed from the liquor after 0, 2, 4, 6, and 8 h. They were 
washed in running water, scudded over half their area, pickled and tanned 
with 40% basic chrome liquor and dried without tension.
The grain was very silky after neutralisation and was not affected by 
bating. Compressibility improved with duration of bating. Hair residues were 
readily removed from all pieces.
The softness of the leather improved with duration of bating, the scudded 
areas being very slightly better than the unscudded areas with the unbated 
and 2 h bated skins. The main differences, as would be expected from this 
tannage, were in grain colour. The non-scudded area of the unbated skin 
was very dark whereas the scudded area was only slightly darker than well- 
bated skins. After 2 h bating the non-scudded area was good but slightly 
inferior to the scudded area which was well-bated. The 4-8 h bated leathers 
were uniform and equal. The scudded areas of the 0-2 h bated leathers were 
slightly softer than the corresponding unscudded areas.
The results of this experiment are qualitatively the same as those obtained 
with limed skins, i.e., bating induces softness and a better grain colour in the 
leather, and scudding can replace bating to a certain extent. Thus residual 
calcium is not the primary cause of inferior leather though calcium carbonate 
may impede the bating action.
Experiment 6. Influence of Bating and Scudding on Chrome Leather from 
Cow Hide Unhaired with and without Lime.
Eight pieces of wet-salted cowhide 2  in. X 2  in. were washed free from 
salt. Four pieces were unhaired with 3% hydrated lim e/0-2%  sodium sulphide 
(100%) solution and four with 1% sodium sulphide solution alone, for 3 days. 
They were separately washed in running water and neutralised with ammonium 
chloride. Two pieces from each treatment were bated in 0-4% Pancreol 2S 
for l \  h. All pieces were scudded over half their area, pickled and tanned 
with the 40% basic chrome liquor, fat-liquored and dried without tension.
‘ Silkiness of the grain surface was improved by bating, slightly in the case 
of the limed hide, and considerably with the lime-free hide. The fact that the 
latter had a rough grain in the first place was probably due to residual hair 
which was much more pronounced than on the limed hide. The improvement 
on bating was not due to loss of this residual hair into the liquor, but 
apparently to depletion of the grain surface layer enabling the hair stubs to 
lie flat rather than stick more or less vertically out of the follicles. After 
bating, the caustic treated hide was much smoother than the limed hide, com­
paring scudded and unscudded areas respectively. Scudding improved the 
grain of both bated and unbated limed pelts, but only the unbated caustic 
treated one. No differences in compressibility could be detected.
The bated crust leathers were slightly softer than the corresponding 
unbated ones, but these differences were easily eliminated by staking. The 
non-limed leathers were softer than the limed. The only differences observed 
in colour of the grain were between the uriscudded and scudded areas of the 
unbated leathers, the former being slightly darker particularly with the non­
limed pieces.
These results provide further confirmation of the effects of bating on the 
leather and its possible replacement by scudding. Differences were quantita­
tively much less than were achieved with calf and goat skins owing to the
thicker substance of cowhide.
£  . •
Experiment 7. Observations on the Grain Surface of Goat Skim
It has been established that the roughness of the grain of an unbated skin 
can be accounted for, at least partly, by the presence of occluded calcium 
carbonate. The following observations were made on the effect of bating and 
scudding on “highness” of grain and its relation to silkiness.
Pieces of limed goat skin were delimed to equilibrium at pH 8 • 0. Some 
of these were bated for 7 or 23 h. Portions of the unbated and bated pieces 
were scudded. After bating, some of the pieces were plunged immediately 
into ice-cold water; others were allowed to cool slowly at room temperature. 
In addition, some pieces were adjusted to pH 5-0 in 0-1 N.-acetate buffer, 
and others unhaired with proteolytic enzyme.
Examination of the grain surfaces of all these pieces, either with the 
naked eye or with the aid of a hand lens, failed to reveal any significant 
differences in the grain pattern or in highness of the grain. It was possible to 
flatten the grain of the bated skins to some extent by stretching them but the 
effect was not permanent. Temperature, between 0° and 37° had a slight 
influence, the warm skin appearing flatter.
Differences in silkiness were observed which could be attributed to calcium 
carbonate. Scudding had a marked effect on the untreated pieces, a slight 
effect on pieces bated 7 h, and no effect on those bated 23 h. Maximum 
silkiness was attained with the bated and scudded pieces and with those 
adjusted to pH 5. The scudded, unbated skins were definitely less smooth and 
equal to the enzyme unhaired skins. Where there was any appreciable rough­
ness, a definite differential frictional effect was observed, i.e., the roughness 
appeared greater in one direction than in the opposite direction. As all these 
pieces were free from hair residues, this effect must be due to the grain surface 
pattern.
Retreatment of the 23 h  bated skins with lime or sodium sulphide caused 
an appreciable raising and roughening of the grain.
Discussion.
Roughness of the grain may be due to one or more of three factors:
(i) presence of occluded calcium carbonate crystals (lime blast), (ii) the natural 
unevenness of the grain surface, and (iii) excessive unevenness due to swelling.
A minor effect due to protruding hair residues may be ignored. In works 
practice where skins may not be completely delimed prior to bating, some 
flattening of the grain will occur during bating with a concomitant increase in 
silkiness. A further increase in silkiness may occur due to loss of calcium 
carbonate on deswelling (deliming action) and falling (bating action), and by 
chemical dissolution. In addition, the bating action makes the grain feel 
smoother by virtue of rendering the pelt more flaccid. The softer the skin is, 
the less resistance will any imperfections of the surface offer to the movement 
of the finger, and the more slippery the surface will feel. Lime blast may thus 
have the effect of masking to the finger the true change of feel which occurs 
during bating, so that roughness of the grain is an unreliable criterion of 
bating.
Lime blast has two further important effects: it impedes penetration of 
the bating enzymes, and it makes scud removal more difficult. It appears to 
do so by blocking the pores of the skin, i.e., the interfibrillar channels. Calf 
skin, which has a much more open fibre structure than goat, is hardly, if at 
all, affected as far as bating is concerned, though ease of scudding is affected 
with both skins. Unless scudding is used to offset partially lack of bating, 
longer bating will be required for a lime blasted goat skin to achieve com­
parable leather quality. In other experiments, not described above, it was 
observed that wool sheep skin behaved like calf skin, and hair sheep skin like 
goat skin in their response to scudding. This might be expected from com­
parison of their fibre structures.
Careful examination of the grain surface of goat skin has failed to indicate 
that any flattening of the grain occurs on bating beyond that caused by delim­
ing. Nor does it make any difference whether the bated skin is cooled rapidly 
or slowly. The grain of a thoroughly delimed pelt is no more prominent than 
one which has never been swollen at all (enzyme unhaired) or one that has 
been neutralised to pH 5, the point of minimum swelling. The highness of 
grain was slightly dependent on temperature, appearing flatter when warm 
than when cold, in agreement with previous observations3, but the view that 
plunging an incompletely bated skin into cold water raises the grain and gives 
inferior leather does not seem to have any foundation. It is, however, un­
desirable to cool skins completely, from the aspect of ease of scudding. There 
does not appear to be support for the suggestion originally proposed by 
M arriott4 (see also Part I5) that flattening of the grain surface during bating 
is due to digestion of the erector pili muscles.
The author is indebted to the Director and Council of the British Leather 
Manufacturers’ Research Association for permission to publish this paper.
The British Leather M anufacturers’ Research Association,
M ilton  Park,
Egham, Surrey.
References.
1. Green, J .S .L .T .C ., 1957, 41, 222.
2. Green, J.S .L .T .C ., 1957, 41, 303.
3. M cLaughlin, Highberger, O’Flaherty, and M oore, J .A .L .C .A ., 1929, 24, 339.
4. Marriott, J .S .L .T .C ., 1926, 10, 132.
5.  ^ Green, J .S .L .T .C ., 1956, 40, 195.
Received 21st Dec., 1956.
G, H .GRE EN . 
. D. S c . i 9 6 2
Reprinted from J.S.L.T.C., 1957, Vol. X L l.
, INVESTIGATIONS ON BATING—VI.
THE INFLUENCE OF COLLOIDAL ENZYME ADSORBENTS.
By G. H. Green.
SU M M A R Y
Pieces o f calf and goat skin have been bated with trypsin in the 
presence and absence o f kaolin, the concentration of trypsin in so lu tio n  
being the same. Any improvement in bating due to the presence o f.  
kaolin could be attributed to adsorbed enzyme being released by the 
kaolin during bating. D oubt is cast on W ood’s theory that enzyme may 
be carried into the skin in higher concentration than normal through 
being adsorbed on colloidal particles, and so improve the bating action.
It was discovered by Wood1 and confirmed by Anderson2 that in 
fermented dog dung bates as much as 80%; of the proteolytic enzyme activity 
was adsorbed on colloidal material. Wood’s experimental results indicated 
that the adsorbed enzyme possessed superior bating power to that in solution. 
Filtration of a dung infusion reduced the bating power, which was restored by 
addition of kaolin. Anderson was unable to repeat this result, but he did show 
that a dung infusion possessed better bating power than the same infusion 
containing only the soluble enzymes concentrated to the original total strength. 
His results are, however, open to the criticism that he used only one goat skin 
for each bating test. He concluded that the colloidal particles are able to 
penetrate down the follicles and between the fibres of the pelt, carrying their 
concentrated enzyme, and that this should lead to more thorough bating.
Anderson examined a number of materials as substitutes for the colloids 
of fermented dung. Finely chopped wool was the only one which he found 
capable of adsorbing enzyme in Clostridium sporogenes histolyticium  cultures, 
but its addition to such a culture severely depressed bating activity. In the 
present investigation a number of finely divided materials have been examined 
as enzyme adsorbents. The requirements of any suitable material are: (1) 
it shall adsorb the enzyme without inactivating it; (2) adsorption shall be 
fairly complete in the, presence of salts normally present in bate liquors, but 
must also be reversible. It can be assumed that for any material to have the 
desired effect it must penetrate into the skin and the enzyme be desorbed, 
partly or wholly, by competition with skin proteins. As this latter has not 
been determined experimentally, evidence of reversible adsorption has been 
confined to desorption by gelatin in the gelatinase determination.
Experimental.
Gelatinase Activity.—This was determined as described in Part II of 
the present series3, and was used as a measure of enzyme strength.
Enzyme Adsorptive Power—The enzyme solution containing the 
required amount of salts at pH 7  • 5-8 • 0 was stirred with the adsorbent a t 
intervals over 15 min. This period was more than adequate to reach equili­
brium. The mixture was centrifuged and the residual gelatinase activity of 
the supernatant liquor determined.
Bating Tests.—These were done in sextuplicate at pH 7 -5-8-0 on 
2 in .X l in. pieces of completely delimed goat skin or calfskin subsequently 
chrome tanned, as described in Part III4.
Results and Discussion.
The adsorptive power of the tested materials towards trypsin (British 
Drug Houses, Ltd.) is listed in Table I. The data refer to 0-2%  adsorbent in 
an enzyme solution approximately five times the strength suitable for bating. 
Many substances absorbed trypsin strongly in the absence of significant amount 
of electrolyte, but allowed the enzyme to be almost completely desorbed by 
0-2% ammonium chloride, an amount of electrolyte of the order normally 
present in bate liquors. In other cases negligible desorption occurred and the 
activity was considerably diminished in the presence of the adsorbent. It is 
possible that here some inactivation occurred. Only one material, viz., kaolin 
(Light Kaolin, ex British Drug Houses, Ltd.)* was found to fill all the require­
ments. Moderate amounts of kaolin added to solutions of trypsin in 0-2% 
ammonium chloride could adsorb 80% of the enzyme from solution, yet the 
adsorbed trypsin retained a high activity towards gelatin.
TABLE I.
Adsorptive Power of Various Materials for Trypsin.
(Trypsin, B.D.H.)
N o , o r  o n ly  sligh t, a d so rp tio n  in p resen ce  o f  0 '2%  a m m o n iu m  ch lo rid e .
Alum ina Rutile (Ti02)
Anatase (Ti02) Silica
Asbestos, powdered W hiting
Brelite (expanded Perlite) Ultramarine
Cellulose, powdered Zinc sulphide
Kieselguhr
M o d e ra te  a d so rp tio n  in p resen ce  o f  0*2% a m m o n iu m  ch loride  
K aolin
S tron g  a d so rp tio n  in p resen ce  o f  0 ’2 %  a m m o n iu m  ch loride  
Lead chromate Zinc chromate
Bating trials were carried out on calf skin and goat skin using concentra­
tions of trypsin of similar activity to commercial bating materials used for 
these types of skins. The trypsin solution was made up in 0-2%  ammonium 
chloride solution, pH 8-0, at five times the normal bating strength and kaolin 
added to adsorb 80% of the enzyme (0- 05-0 -2% was required). One set of 
skin pieces was bated in the presence of the kaolin, and another in a solution 
from which the kaolin had been removed by'centrifuging; i.e., both bate 
liquors contained the same amount of enzyme in solution, but one contained 
an additional four fold amount of adsorbed enzyme. Table II records the 
change in enzyme concentration of the solution which occurred during bating 
(Experiment I) and indicates that in the absence of kaolin appreciable loss of
* The particle size ranged from 0-5 X 0-2^ to about 4 x 4 /x . The majority o f particles 
were below Ip..
enzyme occurred, whereas with kaolin present the strength actually rose. The 
loss in strength may be accounted for by adsorption by the skin, or by 
inactivation. The increase in the presence of kaolin is undoubtedly due to 
desorption, probably by protein digestion products. With both the calf and 
goat skin the leather from the pieces bated in the presence of kaolin was 
distinctly softer, indicating a superior degree of bating. It is not necessary to 
attribute this superior bating to penetration of adsorbed enzyme in view of the 
desorption which occurred.
TABLE II.
Changes in Enzyme Concentration during Bating in Presence and Absence of Kaolin.
Expt. Enzyme Skin
Duration
of
bating,
h
------Enzym e conc. (in soln.) %------
----------  Final ----------
Initial K aolin Kaolin  
removed present
1 Trypsin .. Calf 1 0-0016 0-0014 0-0040
G oat 4 0-0040 o-ooio 0-0067
2 Pancreatin .. Calf 1 0-0135 0-015 0-017
G oat 4 0-034 0-033 0-0655
In view of the loss of activity of the trypsin solution without kaolin 
during bating, the experiment was repeated using pancreatin (B.D.H. Ltd.) in 
place of trypsin. The pancreatin possessed only some 10% of the activity of 
the trypsin, but was considerably more stable in solution on account of its 
high proportion of inactive protein. About 0-5-0-8%  kaolin was required to 
absorb 80% of the active enzyme from the bating solutions. The residual 
activities after bating (Table II, Experiment 2) indicate a high stability during 
bating, which stability may be due to less adsorption by the skin in com­
petition with the relatively large amount of nitrogenous matter in solution. 
Much less desorption from the kaolin was also noted, possibly because 
relatively little nitrogenous matter was released from the skin compared with 
that already in solution. The assessments of the crust leather showed both 
sets of calf skin to be equally well bated, whereas the goat skin bated with 
kaolin present was definitely superior to that bated in its absence. These 
results correlate with the changes in enzyme concentration occurring during 
bating.
On the basis of these findings it is suggested that the superiority of a bate 
containing enzyme adsorbent is due to the reserve of enzyme carried by the 
adsorbent. This may be released during bating to restore the equilibrium 
altered by loss of enzyme in solution by inactivation, or by adsorption by the 
skin. In addition an increase in electrolyte concentration, or soluble nitrogenous 
m atter derived from the skin during bating, could desorb a proportion of the 
enzyme and so raise its effective concentration in solution. There seems no 
need to have recourse to the explanation of W ood1 that enzyme is carried 
into the skin on the adsorbent. It was shown in Part I IP  that the rate of
bating was controlled by the fate of penetration of the enzyme. It is most 
unlikely that a relatively large colloidal particle could penetrate more rapidly 
than enzyme molecules in solution. The superiority of the dung over the 
artificial bate may be due to the very large reserve of adsorbed enzyme, but, 
as was shown in Part IV s the most likely explanation is that bacterial action 
is assisting the enzyme action. This would explain Anderson’s result cited 
above. Bacteria can force their own way between the fibres whereas enzymes 
rely on diffusion assisted by the pumping action occurring during flexing. 
Colloidal particles have to be driven in which is unlikely to occur other than 
with drumming. When bating was carried out in the presence of ultramarine 
under the same conditions as above, no penetration of the grain nor accumula­
tion in the follicles was observed, but there was considerable adhesion of the 
ultramarine to the flesh surface.
The author is indebted to the Director and Council of the British Leather 
M anufacturers’ Association for permission to publish this paper.
The British L eather M anufacturers’ Research Association, , '
M ilton  Park,
Egham, Surrey. •
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INVESTIGATIONS ON BATING VII. THE INFLUENCE OF BATING 
CONDITIONS ON GOAT SKINS TANNED FOR GLACE KID 
By G. H. Green and R. G. Mitton 
Summary
1. 128 goat skins have been bated for glace kid leather in a 
statistically planned experiment with variations in duration, tempera­
ture, pH, concentration and type o f bate, also pre- and post-bating 
operations. The skins have been examined for various properties in 
the bated, chrome crust, and finished leather states.
2. Pin hole, a bacterial damage during curing, was accentuated 
by bating, and was markedly affected by pre-bating operations.
3. Permeability o f the bated pelts to air was a function o f pH  
rather than degree of bating.
4. Loosening of scud was associated with depletion o f the pelt 
rather than digestion o f the follicle wall, and was independent o f the 
bating action p er  se.
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5. Sm oothness o f the grain o f the bated skin and flatness of the 
grain o f the crust leather increased with more severe bating, and there 
was a highly significant correlation between these properties and 
digestion o f the hair muscle, but this correlation may be fortuitous.
6. Flatness o f the grain of the crust leather was related to 
smoothness o f the grain o f the bated skin, but the differences were 
less.
7. The over-all quality o f the finished leather as assessed by the 
warehouse grading was hardly affected by a wide variation in bating 
conditions, but individual properties were significantly affected in  
many cases.
8. Differences in particular properties of the finished leather 
due to variations in bating procedure were far outweighed in many 
cases by differences in pre- and post-bating operations.
Of all the types of hides and skins used in leather manufacture, goat 
skins, without doubt, require the most vigorous bating treatment. The prin­
cipal effects of bating goat skin are to give a softer leather and flatter grain. 
It was suggested by M arriott1, and supported experimentally by McLaughlin 
et al?  and by Anderson3, that a raised grain is caused by contraction of the 
erector pili or hair muscles. These papers have been reviewed by Green4, 
who suggested5 that prominence of the grain is a function of the degree of 
depletion, and hence compressibility of the skin, and that hair muscles although 
degraded during bating did not influence the flatness of the grain.
A further observation5, that the hair follicle wall is digested during bating, 
was considered a possible cause of the loosening and release of scud (hair 
residues), though this again could be adequately explained by the reduced 
swelling removing the constrictive force on the follicles.
One of the objects of the present experiment was to ascertain whether, 
by bating goat skins under a variety of conditions, there was any correlation 
between flatness of grain and hair muscle breakdown, and between scud 
loosening and hair follicle wall digestion. Whilst a correlation would not 
necessarily prove that these mechanisms were operative, lack of correlation 
would be strong evidence against the hypotheses.
Green5 suggested that the increased softness of leather resulting from 
bating is due to reduced molecular adhesion between the fibres on drying, in 
consequence of the removal of progelatin. Pleass6 reported that the fibre 
structure of sheep gloving leather showed progressively more opening up with 
duration of bating, and this was also shown, by Green5 for small pieces of 
goat skin. It was of interest to know what variation in degree of splitting 
up could be obtained by bating goat skins under a range of conditions, and 
what relation the splitting had to the physical properties of glace kid. The 
effect of bating on the physical properties of glace kid has not been studied 
previously. For this purpose it was necessary to work with whole skins, as 
leather with the characteristics of glace kid cannot be produced satisfactorily 
on small pieces.
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Bating of goat skins is usually regarded as a critical operation which 
requires very careful control. The ideal is that individual skins be removed 
from the bate paddle when they are suitably fallen and the grain satisfactorily 
smooth. In  normal practice, bating is terminated when the bulk of the skins 
are in the right condition. The pH of the liquor is also considered of import­
ance, the optimum being 8.0-8.3. It was shown5 that the conditions of dura­
tion and pH may have considerable influence, but it was possible by suitable 
post-bating techniques to eliminate many differences due to bating, e.g., in 
the staking, fat-liquoring, or drying operations. I t  was of great interest, 
therefore, to find out to what extent the quality of the leather would be 
affected over a wide range of bating conditions; in other words, how much 
latitude was permissible. Inferior leather in the warehouse is so often attri­
buted to faulty bating that any evidence that the bate foreman carries too 
heavy a burden would be most welcome to him.
I. Plan of the Experiment
(i) Factors varied, and levels of the factors.
These were as follows: —
A; processing up to, and including liming.
(1), in accordance with the normal practice of tannery X.
a, in accordance with the normal practice of tannery Y.
B; type of bate.
(1) Bate P (pancreatic bate)
b, Bate B (bacterial enzyme bate)
C, D; pH  of bating.
(1), pH  6
c, pH  7 
pH  8
cd, pH  9
E; concentration of bate 
(1), 0.4% w ./v . on liquor
e, 0.6% w ./v. on liquor
F; bating temperature
(1), 34-35° C
f, 39-40° C
G, H; duration of bating 
(l), i  hr.
g, 1 hr.
h, 3 hr. 
gh, 7 hr.
J; processes after pickling,
(1). as the normal practice in tannery X  
/, as the normal practice in tannery Y
(ii) Stastistical plan.
The experiment was done as a quarter replicate factorial with defining
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contrasts ABCFGJ, ADEGHJ, BCDEFH. Whole skins were used as units, 
and 128 were needed.
II. Experimental
Raw Material. A consignment of lst.-quality heavy Indian D /S  goat 
skins, chosen as representative of skins normally requiring heavy bating, were 
divided between two tanneries and put through these tanneries’ usual unhair- 
ing procedure (sodium sulphide and lime) as far as the limed and fleshed state. 
To enable comparison to be made of the areas of finished leather from the 
two liming procedures, trimming was not carried out. 64 skins were selected 
from each tannery as being of reasonably uniform area and showing no 
damage.
Deliming and Bating.—Each skin was marked and weighed, and the 
total split into four groups for deliming and bating at the various pH values. 
Deliming was carried out by drumming with water* for 15 min, followed 
by 30 min with 1% ammonium chloride (on the limed weight) and then with 
a further 1 % ammonium chloride in fresh water in a barrel with occasional 
stirring. The pH of the liquor was adjusted at intervals with hydrochloric 
acid until constant at the required value. The pelts were kept in the deliming 
liquor at 0° C for 1, 2, 3, and 4 days at pH 9, 8, 7, and 6, respectively, and 
then bated.
Bating was carried out in wooden-sided glass drums 12 in. wide, 22 in. 
dia., rotating at 13 r.p.m. The drums and pelts were warmed with water 
to the required temperature, the pelts placed in the drum with 250% water 
(on the limed weight), and when temperature equilibrium had been reached 
the bate was added. The temperature was maintained by a small gas burner 
under the drum. The size of the drums allowed only four skins to be bated 
at once. The \  hr and 1 hr batings were carried out together, two skins being 
removed afterrj hr without adjusting the volume of the liquor; and similarly 
with the 3 hr and 7 hr batings. On removal from the bate the skins were 
allowed to cool rapidly in air to ca. 5° C and were assessed for air permeability, 
looseness of scud (hair residues), and silkiness of grain. All the pelts bated 
at a particular pH were pickled together, with 1 % sulphuric acid (on the limed 
weight) in 5% salt solution.
Post-bating Operations. After lying in the pickle liquor at 0° C for 
5-8 days with occasional stirring, the pelts were divided into the two packs 
for tanning and finishing, and returned to the two tanneries where they were 
given a further overnight pickle together with a pack in normal production. 
They were then tanned, dyed, and fat-liquored with the full packs in the usual 
way. In  operations where the leather was handled for individual treatment, 
e.g., staking, the operator was instructed to give that amount and severity of 
treatment warranted by the condition of the skin.
* Relatively hard, unsoftened mains water was used for deliming and bating.
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M icroscopical Examination. Samples 1 in. dia. were punched from 
the neck area 2 in. from the backbone of the bated skin and fixed in formalin. 
This area was selected as the most difficult part of the skin to bate satis­
factorily. Frozen sections were examined for fibre structure (unstained) and 
elastin (Weigert’s elastin stain), and paraffin wax sections for hair m usde 
and hair follicle wall (haematoxylin-van Gieson stain). Further samples were 
punched from an adjacent area of the finished leather for examination of fibre 
structure. The results of the fibre structure and elastin examinations will be 
reported separately.
Physical Tests. Samples for the physical tests were cut from the same 
location in each skin, the body area not closer than 2 in. to the britch dr back­
bone.
III. Assessments of the Bated Pelts
(i) Freedom from Pin H oles
Each skin was examined after bating and allotted a score on the scale: —
2 =  completely free from pin holes;
1 =  contains incipient pin holes (pitting);
0 — contains definite pin holes.
The factor of most influence was A; skins whose early processing was 
done by tannery X  scored 113 out of a possible 128, and those from Y  scored 
82. It seems, therefore, that although pin holes first become apparent during
bating, their origin is to be sought in earlier processes. The present experi­
ment does not show, however, which conditions in these processes lead to 
pin hole formation.
There was no strong evidence that any of the modifications of the bating 
process influenced pin hole formation appreciably, but the score was lower 
for the pancreatic than for the bacterial bate (90, 105) ; was lower for the 
intermediate pH values (scores 54, 45, 44, 52 for pH 6, 7, 8, 9); and was lower 
for skins bated at the lower temperature (90, 105). The scores for the dif­
ferent durations of bating were 59, 38, 51, 47 for 1, 3, and 7 hr. Statis­
tically, these differences are highly significant, but irregular fluctuations, such 
as those found, are highly unlikely. There is a decrease in score with 
increasing duration, except for the skins bated 1 hr. No explanation can 
be offered for this apparently anomalous result.
(ii) Permeability to A ir. ;
The number of skins assessed as permeable to air by a manual test 
showed little dependence upon the factors varied. For example, 30, 32, 32, 
and 29 skins bated at pH 6, 7, 8, and 9 were assessed as permeable, and 32, 
29, 31, and 31 bated for 1, 3, and 7 hr. Of the 128 skins in the experiment, 
123 were assessed as permeable, and under these conditions the test is bound 
to be an insensitive guide as to the effectiveness of various conditions of bating. 
It was observed, however, that more pressure was required to force the air 
through the skins bated at pH 9 than through the remainder. It is very pro­
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bable that quantitative measurements of permeability would have shown a 
relation with pH over the whole range. Permeability is more likely a function 
of pH of deliming than of bating.
(iii) Looseness of Scud.
Only two factors influenced this property. Skins whose early processing 
was done at tannery Y had higher scores {i.e., had looser scud) than those 
from tannery X  (scores 160, 142). Looseness increased with duration of 
bating) scores 66, 74, 73, 89 for 1, 3, and 7 hr).
(iv) D igestion of Follicle Wall.
The digestion of the follicle wall was substantially greater from tannery 
Y than from X  (scores 1042, 700), and was greater for the pancreatic than 
for the bacterial bate (964, 778). It increased with duration of bating up 
to 3 hr, but not thereafter (359, 418, 499, 466 for 1, 3, and 7 hr bating). 
There was no evidence of any dependence upon pH, bate concentration, or 
bating temperature.
(v) Smoothness of Grain.
Skins from tannery Y had smoother grain (estimated on the neck area) 
than those from X  (203, 178); those bated with pancreatic bate were smoother 
than those with bacterial bate (202, 179); those bated at concentration 0.6% 
were smoother than those at 0.4% (199, 182); those bated at 40° C were 
smoother than those at 35° C (203, 178). There was no evidence of differ­
ences due to pH of bate liquor in the wide range tested, but the grain became 
progressively smoother as the duration of bating was extended (71, 77, 104, 
129 for 1, 3, and 7 hr).
(vi) Degradation of Hair Muscle.
This was greater for the pancreatic bate than for the bacterial (403, 360), 
and for the higher bating temperature (403, 360). It increased with duration 
of bating (175, 166, 215, 207 for 1, 3, and 7 hr), and was little affected 
by other factors.
(vii) Correlation between Looseness of Scud and D igestion of
Follicle Wall.
The skins were ranked according to their scores for each property, and 
the Spearman rank correlation coefficient calculated. Its value was +0.624.
IV. Assessments of the Leathers
(i) Flatness of Grain (Crust Leather).
This was assessed on the crust leathers by representatives of the two 
tanneries. It might be expected that the factors which lead to smooth grain 
in the bated pelt would also give flat grain in the crust leather. In  conformity 
with this, tannery Y still had flatter grain than X  (scores 273, 242) and the 
skins bated for 3 hr or longer had flatter grain than the others (116, 122, 140, 
137) for skins bated 1, 3, and 7 hr. The other differences noted in section 
III (v) had now practically disappeared, however, and the pH of bating, 
whose influence was not obvious immediately after bating, had become of 
some importance in the crust leather stage. The scores for skins bated at
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pH 6, 7, 8, and 9 were 121, 109, 136, and 149, showing that the worst bating 
from the point of view of flatness of grain was at pH 7. (The skins bated at 
pH 7 also obtained the poorest score for smoothness of grain at the bated 
stage, although the differences were not statistically significant; scores for 
pH 6, 7, 8, 9 were 96, 87, 99, 99).
(ii) G en e r a l  A ppe a r a n c e  o f  t h e  G r a in  (F in is h e d  L ea t h e r ).
This assessment, and that for general over-all quality of the finished skins, 
were made by tannery staff. The poorest results were those obtained by 
bating at pH 7 and the best at pH 8 or 9, but, as shown by Table I, the 
optimum conditions appear to depend on which bate is used. On average, 
bating for 3-7 hr is better than for shorter times, but whereas a 7 hr bate is 
preferable for skins tanned and finished by tannery Y, the optimum duration 
for the other tannery appears to be 3 hr. or somewhat less (Table II).
TABLE I
A sse ssm e n t  for General Quality of the Grain (Finished Leather)
6
pH of bating 
7 8 9 Totals
Bate P ...............................................61 63 76 61 261
Bate B ...............................  71 47 65 82 265
Totals ... 132 110 141 143 526
TABLE II
Assessm ent for General Quality o f  the Grain (Finished Leather)
12
Duration o f bating, hr.
1 3 7 Totals
Leather tanned and X  57 68 78 59 262
finished at tannery
Totals ... I l l 124 152 139 526
(iii) O v e r - a l l  Q u a l i t y  o f  t h e  F in i s h e d  L e a t h e r s .
This represents the final warehouse assessment, based on all desirable 
leather characteristics, except that the leather was not down-graded for grain 
damage, i.e., scars, tick marks, etc., which were faults of the raw material. 
Heavies, mediums, light-mediums, and lights were assessed separately. The 
main differences between the skins arose from methods of tanning and finish­
ing at the two tanneries and not from the bating process. Skins tanned and 
finished-by tanneries X and Y, respectively, scored 182 and 217. Of the 
factors varied in bating, only the duration caused a significant difference; scores 
for skins bated 1, 3, and 7hr were 91, 105, 108, and 95 respectively.
(iv) C o r r e l a t i o n  b e tw e e n  D e g r a d a t i o n  o f  H a i r  M u s c l e  a n d  F l a t n e s s
o f  G r a in .
The rank correlation coefficient between these two sets of assesments 
had the value + 0.702.
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V. Measurements on the Finished Leather
(i) - A r e a .
The main difference was between skins tanned and finished at tanneries 
X  and Y (average areas 37.1 and 40.3 sq. dm, respectively). The areas of 
the skins bated with pancreatic and bacterial bates were little different on 
the average, but were modified in opposite ways by alterations of the pH of 
bating (Table III). No other factor produced considerable changes of area.
TABLE HI 
Areas o f F inished Skins, sq. dm.
pH of bating
6 7 8 9 M eans
Bate P 40.3 38.2 38.4 34.9 38.0
Bate B 37.5 38.5 39.3 42.5 39.4
Means 38.9 38.4 38.8 38.7 38.7
(ii) T h ic k n e s s .
Skins soaked and limed at tannery X  gave thicker leather than those from 
Y (0.655, 0.521 mm), but those finished at Y were thicker than those from 
X  (0.613, 0.563 mm). The increased thickness due to tannage by Y  was 
substantially the same for skins limed at both tanneries. It is interesting that 
tannery Y produced leather with both greater thickness and area. Thickness 
decreased as bating was prolonged up to 3 hr, especially at the higher tem­
perature of bating (Table IV). The bacterial bate gave slightly thicker leather 
than the pancreatic (0.606, 0.570 mm).
TABLE IV
Thickness o f Finished Leathers, mm.
Duration of bating, hr
Temperature
bating
of 35° C 
40° C
12
0.634
0.664
1
0.596
0.618
3 7 
0.579 0.574 
0.524 0.514
M eans
0.596
0.580
Means 0.649 0.607 0.552 0.544 0.588
(iii) L a s t o m e t e r  D i s t e n s i o n  a t  G r a in  C r a c k .
Distensions were greater for leathers tanned and finished at tannery Y 
than at X  (8.01, 7.68 mm). They increased with bating pH when the bacterial 
bate was used, but decreased with increasing pH for the pancreatic bate (Table 
V). The same factors affect area and distension at grain crack, and it 
appears that the greater areas obtained by tannery Y may be due to more 
extensible grain.
(iv) L a s t o m e t e r  L o a d  a t  G r a i n  C r a c k .
There is some evidence that this increases with duration of bating (loads 
28.6, 30.0, 31.4. and 31.7 kg for 1, 3, and 7 hr respectively), and decreases 
at the higher bating temperature (loads 31.4 and 29.3 kg for skins bated at 
35° and 40° C). No other factor had an appreciable influence on the load.
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TABLE V
Lastometer D istensions at Grain Crack, mm.
pH  of bating
6 7 8 9 M eans
Bate P ............... 8.00 8.18 7.79 7.28 7.81
Bate B 7.42 7.79 8.06 8.24 7.88
Means 7.71 7.98 7.92 7.76 7.84
(v) L a s t o m e t e r  L o a d  a t  B u r s t .
The load was lower for skins bated at the higher temperature (48.9, 
47.5 kg). There is little evidence that other factors influence this property.
(vi) B u c k l e - t e a r  S t r e n g t h s .  (Tearing load per unit thickness.)
Skins, limed at tannery Y were stronger than those limed at X  (1150, 
970 lb ./in.). The lower load per unit thickness of the skins limed at X  is 
more than accounted for by their greater thickness; that is, the tearing load 
of skins from X  was greater, but the load per unit thickness less, than for the 
skins from Y. However, the skins tanned and finished at Y  had the greater 
tear strengths despite the fact that they were thicker (tear strengths 1020 and 
1100 lb./in. for skins tanned by X and Y). Tear strength increased with dura­
tion of bating (1000, 1060, 1050, 1120 lb./in. for 1, 3, and 7 hr) and was 
adversely affected by bating at 40° C with the pancreatic bate (Table VI).
TABLE VI 
Buckle-Tear Strengths, Ib./in.
Bating temperature, °  C 
35 40 Means
Bate P 1080 960 1020
Bate B 1060 1130 1090
Means 1070 1050 1060
(vii) T e n s i l e  S t r e n g t h s .
The strengths of skins whose early processing was at tannery Y  were 
substantially higher than the others, although these also were strong; skins 
limed at X  and Y, respectively, had average tensile strengths of 7370 and
TABLE V II 
Tensile Strengths, Jb./in.
Bating temperature, °  C 
35 40 Means
Bate P 
Bate B
8620
7850
7820
8530
8220
8190
M eans 8240 8180 8210
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9050 lb ./in2. Strength increased with duration of bating (7620, 7760, 8220, 
and 9230 lb ./in2, for 1, 3, and 7 hr. The best values were obtained by 
bating with the pancreatic bate at 35° C or the bacterial bate at 40° C (Table 
VII); if the pancreatic bate is used, higher tensile strengths are obtained by 
bating at high pH values (Table VIII).
(viii) E l o n g a tio n  a t  B r e a k .
Elongations at break were different for the groups of skins whose early 
processing was done at the different tanneries (X, 47.0%; Y, 49.6%); for 
different types of bate (pancreatic, 46.8%; bacterial, 49.8%); and for different 
bate concentrations (0.4% concn., 49.5% elongation; 0.6% concn., 47.0%). 
Elongation at break decreased with duration of bating: 52.6, 48.4, 47.4, and 
44.8% for 1, 3, and 7 hr).
TABLE V n i  
Tensile Strengths, Ib./in2.
pH  of bating
6 7 8 9 M eans
Bate P 8130 7840 8040 8890 8220
Bate B 7110 7680 8400 9570 8210
Means 7620 7760 8220 9230 8210
Discussion
(i) I n f l u e n c e  o f  B a t in g  C o n d i t i o n s  o n  t h e  P e l t .
There is one important difference between the experimental procedure 
used here and normal tannery practice, in that prior to bating the pelts were 
delimed to an even pH throughout their thickness, the pH being the same as 
that of the subsequent bate liquor. In normal practice the pelt may be initially 
rather more alkaline than the bate liquor, particularly in the centre, so that 
deliming continues in the bate. If air permeability and scud loosening are 
functions of the degree of plumping and not of bating (as distinct from de­
liming), they would be influenced by normal bating techniques but not under 
the conditions of the present experiment. The only differences observed with 
air permeability were due to pH; scud looseness appeared to improve with 
duration of bating. This latter, however, is an artefact due to the method 
used for scoring. The scores of 66, 74, 73, and 89 for 1, 3, and 7 hr bating 
were based on 0 for tight, 1 for fairly loose, 2 for very loose, and 3 for absent 
altogether. Owing to the mechanical action imparted to the skins in the drum, 
scud is actually lost into the liquor (the 3 hr and, particularly, the 7 hr bate 
liquors were a murky-brown colour) and presumably this scud comes from 
the skins where it was initially very loose. If skins with scud absent are scored 
only 2, the revised totals become 61, 63, 62, and 64, respectively, i.e., no 
loosening of the scud occurs during bating but it is merely lost by mechanical 
action if very loose initially. As the maximum score is now only 64, it is
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obvious that the large majority of the skins had very loose scud at the outset. 
Microscopical evidence showed progressive digestion of the hair follicle walls 
with duration of bating. They were practically intact after \  hr bating and 
completely digested or almost so after 7 hr, indicating that looseness of scud 
is not dependent on the digestion of the follicle walls. The difference in loose­
ness of scud between skins originating from the two tanneries is similarly an 
artefact, recalculation giving almost identical scores. There was, however, 
a significant difference in skins free from scud from the two tanneries, but this 
merely indicates different mechanical treatments.
Pin holes, although not a feature which normally influences the finished 
leather as they are covered by the finish, are nevertheless of interest from 
the aspect of the effect of beamhouse treatment on accentuating bacterial 
damage done prior to or during curing. This type of pin hole should not be 
confused with the type found on some breeds of sheep resulting from rupture 
of the grain between adjacent follicles on pulling the wool. The results showed 
that both the pre-bating processes and the bating accentuated the effect to 
varying degrees, which is in agreement with observations of bacterial damage 
on other types of skin.
Smoothness Of grain was increased by all those factors which would be 
expected to give a stronger bating action, i.e., increased concentration of bate, 
time, and temperature. The same factors affected degradation of the hair 
muscle, and the correlation between the two was highly significant. This does 
not, of course, prove that they are interdependent, but indicates that the possi­
bility of interdependence cannot be excluded. Other factors, namely, flacci- 
dity and deformability, although not measured in the present experiment, are 
known to be affected similarly by bating conditions, yet they are obviously 
not connected with hair muscle degradation.
(ii) I n f l u e n c e  o f  B a t in g  C o n d it io n s  on  t h e  C r u s t  L e a t h e r .
There was a certain degree of correlation between smoothness of grain 
of the bated pelts and flatness of grain of the crust leathers. In most cases 
the differences were reduced in the crust leather; differences due to concen­
tration of bate and to temperature of bating were eliminated altogether, whilst 
only differences due to pH  were accentuated.
(iii) I n f l u e n c e  o f  B a t in g  C o n d it io n s  on  t h e  F in is h e d  L e a t h e r .
This is summarised in Table IX. Whilst many of the properties of the 
finished leather were affected very significantly by bating conditions, it is 
remarkable that the over-all quality as judged by grading in the warehouse 
was hardly affected at all. Only duration of bating showed an influence, and 
even that was barely significant. Two explanations can be offered; firstly, 
over-all quality is a composite characteristic, and factors which may tend to 
improve one component may impair another; secondly, the individual machin­
ing operations were such as to give the best results from each skin, e.g., over­
bated skins would receive less staking than under-bated ones. What is shown
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quite clearly is that bating can be controlled to modify individual properties 
of the leather, e.g., substance or grain feature, without affecting over-all 
grading. This is of importance in producing leather for particular require­
ments.
TABLE IX
Variations in Bating Conditions which Influenced the F inished Leather
Bating Leather *Degree of Direction o f Change Table
Variable Feature Significance Reference
Duration Over-all * Rises to maximum and then see
quality falls. text
Grain *** Rises to maximum and then
feature falls; optimum depends on
tanning and finishing opera­
tions. II
Thickness *** Decreases with increasing
duration. IV
Tensile *** Increases with increasing see
strength duration. text
Tempera­ Tensile * Bate P : decreases with in­
ture strength creased temperature.
Bate B : increases with VII
Buckle- ** increased temperature
tear Bate P only: decreases with
strength increased temperature. VI
pH Grain ** Bate P : optimum pH  8 I
feature Bate B : „ pH  9
Area ** Bate P: decreases with
rising pH.
Bate B: increases with
rising pH. III
Thickness ** Decreases with increase of
pH  except with long dura­ see
tion. text
Tensile ** Increases with increase of
strength pH. VIII
Lastometer *** Bate P; decreases with rising
distenr pH. V
sion Bate B : increases with rising
pH.
Type of see
Bate Thickness * Bate B : > B a te  P. text
* One, two or three asterisks indicate that a factor was significant at the 5, 1, 
or 0.1% significance level. Single asterisks thus indicate differences so slight that they 
could only just be proved to exist; triple asterisks, relatively large differences. The 
effect of a factor can be increased by using wider limits (e.g., a wider range o f pHk 
the table therefore only indicates the relative importance of the various factors for 
the limits tested, which were, however, as wide as would be used in practice. To keep 
the table simple, interactions between factors have for the most nart not been included. 
pH  has been included, however, where it had a significant effect on the two bates 
separately, even although the average for both was insignificant.
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(iv) I n f l u e n c e  o f  P r e - an d  P o s t -b a tin g  O p e r a t io n s  o n  t h e  F in is h e d  
L e a t h e r .
Pre- and post-bating operations affected many of the characteristics of 
the finished leather more significantly than did variations in bating procedure 
(see Table X). Only two tanneries took part in this experiment and several 
of their processes were very similar; had these processes been different, then 
other and larger divergencies might have been found (though the influence 
of post-bating operations, as indicated in Table X, may have been exaggerated 
by certain abnormal features in one tannage which were reflected in the crust 
leather, and to a lesser extent after finishing). It must be concluded that, 
provided goat skins for glace kid are bated at all, the bating process can be 
varied within very wide limits without a great deal of influence on the resultant
TABLE X
Features o f F inished Leather Influenced by Variations in Pre- and Post-Bating Operations
Significance o f difference 
Leather feature between two tanneries*
Pre-bating
operations
P ostdating
operations
Over-all quality ............... **
Area ................. ***
Thickness ............................ *** ***
Lastometer distension *
Buckle tear load ............... *** *
Tensile strength * *
* See footnote to Table IX. 
leather. It does provide, however, a means of modifying individual proper­
ties of the leather although not to the same extent as can be achieved by other 
means.
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INVESTIGATIONS ON BATING:
PART VII^-SOME MICROSCOPICAL OBSERVATIONS 
By M. Dempsey and G. H. Green
Summary
T he fibre structure o f goat skin has been exam ined m icroscopic­
ally  after unhairing by sweating or b y  proteolytic enzym es, and also  
after subsequent liming and bating. Other skins were exam ined after  
lim e-sulphide unhairing and subsequent bating and reliming. A ll the  
skins were taken to the chrom e cru st: they were exam ined after pick­
ling, in the blue, after fat-liquoring, and after air-drying or acetone- 
dehydration.
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The differences in fibre structure that were observed in the pre­
tanning stages in the various series were maintained in the later stages, 
including acetone-dehydration but not air-drying. Air-drying accentu­
ated differences by allowing re-sticking after each of the treatments 
investigated, except bating but including reliming.
Liming caused splitting up o f  the fibres, which was taken further 
b y  batin g: reliming reduced the amount o f splitting up seen in the air- 
dried crust leather. Both sweating and enzyme unhairing resulted in 
opening up, sweating to the lesser extent. Liming decreased the split­
ting up seen in the air-dried crust from  the enzyme unhaired skin, but 
it increased, if  anything, the splitting up in that from  the sweated skin.
In Part III  of this series1 some observations were made on the fibre 
structure, softness, and colour of grain of the crust chrome-tanned leather 
made from dry-salted goat skin, with particular reference to the effect of bating, 
fat-liquoring, and drying with or without tension. In one of the experiments 
described (Expt. 4) the fibre structure has been examined throughout the pro­
cesses of making the leather: the appearance of the hair muscle and the follicle 
wall has also been examined. These observations are described in the present 
report.
Pieces of dry-salted goat skins, soaked back in the tannery, were treated 
according to the scheme: —
S e r i e s  A. T h e  E f f e c t  o f  S w e a t in g ,  L im in g 5 a n d  B a t in g .
(1) Sweat Pickle
(2) Sweat Lime Pickle
(3) Sweat Lime Bate Pickle.
Se r ie s  B . T h e  E f f e c t  o f  E n z y m e  U n h a ir in g , L im in g , a n d  B a t in g .
(1) Enzyme Pickle
(2) Enzyme Lime Pickle
(3) Enzyme Lime Bate Pickle.
S e r i e s  C .  T h e  E f f e c t  o f  L im in g , B a t in g ,  a n d  R e lim in g .
(1) Lime Pickle
(2) Lime Bate Pickle
(3) Lime Bate Redime Pickle. . ; v
All the  pieces were subsequently chrome tanned,; fat-liquored, and dried 
without tension as described in detail by Green1. The pieces were 6 in. square, 
and duplicate pieces (one piece from each side of the backbone, not necessarily 
at corresponding positions) were given each experimental process. A t each 
stage in process a sample for microscopical examination was removed from 
both pieces, the sample being adjacent to that taken at the previous stage. The 
fibre structure was examined in sections prepared in the usual way at the 
stages given under “Observations”. Hair muscle and follicle walls were 
examined in sections from formalised, paraffin-embedded material, after stain­
ing with haematoxylin-van Gieson stain.1 They stained yellow-brown against a 
red background. ; i : >
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Observations
I. Fibre Structure
S e r i e s  A : T h e  E f f e c t  o f  S w e a t in g ,  L im in g , a n d  B a t in g .
(A l) S w e a t e d  G rain : The fibres appeared fine.
Corium: Large amount of splitting up, but not very full 
fibres.
(A2) L i m e d  G rain: Similar to (Al).
Corium : Fibres fuller (more turgid).
(A3) B a t e d  , Grain: One of the pair similar to (Al), the other coarser-
fibred.
Corium : More opened up than the two previous stages, full­
ness between (A l) and (A2).
P i c k l e d  Grain: (A3) appeared most opened up (finest fibres), not
much difference between (A l) and (A2).
Corium : (A l) and (A3) showed large amount of splitting up, 
but in (A3) the fibres tended to be crinkled. 
Of (A2), one appeared coarse-fibred and the 
other showed a large amount of splitting up.
B l u e  Grain: (A3) now appeared markedly more opened up than
(A2) which was a little more than (Al).
Corium: Opening up decreasing in the order (A3), (A l), (A2).
F a t - l i q u o r e d  (see Figs. 1-6).
Grain: (A3) finest. Little difference between (A l) and (A2).
Corium: (A l) and (A3) similar. (A2) least opened up.
A i r - d r i e d  (see Figs. 7-9).
Grain: (A l) and (A2) flat and stuck-looking, with one of
each duplicate pair (especially of (A l), see Figs. 
7, 8) looking glassy. (A3) flat, but less stuck- 
looking than the others.
Corium: (A3) the most opened up, and similar to (A3) 
acetone-dehydrated. Splitting up in (A l) similar 
, to (A2), with the pattern in (A2) rather more 
opened up.
A c e t o n e - d e h y d r a t e d  (see Figs. 10-12).
Grain: Deeper than in the air-dried pieces. (A3) the most
opened up, not much difference between (A l) 
and (A2).
Corium: Little difference in splitting up, (A2) showed the 
fullest fibres and (A l) the least full.
To summarise, (A3) was in general the most opened up. In the wet stages 
(A2) often appeared the least opened up. There is, however, no question 
whether liming can reduce splitting u p : the plumpness induced in liming was 
not entirely lost subsequently, and this to some extent can disguise splitting up
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and make it appear coarser. There was little to choose between the crust 
leathers (A l) and (A2) except that the fibres in the grain of the air-dried crust 
(A l) were perhaps more glassy-looking.
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Figs. 1-3.
Grain layer of fat-liquored leather of A l (sweated), A2 (limed), and A3 
(bated), respectively. (X 86).
Figs. 4-6.
Corium of fat-liquored leather of A l,  A2, and A3, respectively. (X86).
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Figs. 7-9.
Grain layer o f  air-dried leather o f  A l ,  A2, and A3, respectively. (X 86).
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Figs. 10-12.
Grain layer o f acetone dehydrated leather o f A l ,  A2, and A3, respectively.
(  X  8 6 ) .
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Se r ie s  B :  T h e  E f f e c t  o f  E n z y m e  U n h a ir in g , L im in g , a n d  B a t in g .
It was expected that the effects shown in this series of treatments would 
repeat those in series A , as bacteria produce their effects by the enzymes they 
secrete. In fact, however, the fibre structure of the duplicate cuttings varied 
irregularly through the processes, particularly in one of the pair. After enzyme 
treatment, (B l)  looked well-opened up and it seems likely that the further 
opening up during liming, (B2), and bating, (B3), was sufficiently excessive to 
confuse the later findings. (The exam ples were exam ined at pickled and sub­
sequent stages as in series A .) The other of the pair tended to show similar 
results as series A . The air-dried leather (B2) showed coarser structure than 
(B l)  and (B3) (see Figs. 13-18), while excessive opening up in (B3) is clear 
from  the amount of fine separation shown in Fig. 18.
S e r i e s  C. T h e  E f f e c t  o f  L im in g , B a t in g ,  a n d  R e - l im in g
(C l) D e l i m e d  Grain: The fibres appeared m oderately fine with rather
tight surface.
C orium : Moderately split up, full fibres.
(C2) B a t e d  G rain: Deeper, more opened up with finer structure.
Corium: Increased amount of fine splitting apparent, fibres 
less turgid and weave pattern less compact.
(C3) D e l i m e d  G rain: A gain deeper and appearing m ore opened up than
a f t e r  (C l), but fibres plumper than in (C2).
r e - l i m i n g
Corium: Fibres m ore turgid than (C2) and som e appearance 
of fine splitting lost, but remaining more split 
up than (C l).
P i c k l e d  G rain: (C2) markedly the finest structure, (C3) a little more
opened up than (C l).
Corium: (C2) the m ost opened up, (C3) similar splitting up 
but more com pact pattern, (C l) the least opened 
up.
B l u e  (see Figs. 19-21).
G rain: (C2) markedly the finest structure, little difference
between (C l) and (C3).
C orium : (C2) a little m ore opened up than (C3), (C l) the 
least opened up.
F a t - l i q u o r e d  Similar.
A i r - d r i e d  (see Figs. 22-25).
Grain: (C2) still show fine splitting, (C l) and (C3) show
considerable re-sticking with som e glassiness.
C orium : The fibres in (C l) appear re-stuck and somewhat 
glassy (Fig. 23). (C2) on the whole similar to 
(C3).
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Figs. 13-15.
Grain layer o f air-dried leather o f B l (enzyme unhaired). B2 (limed), B3 
(bated), respectively. ( X 86).
Figs. 16-18.
Corium of air-dried leather of B l, B2, B3 (X 86).
98
Figs. 19-21.
Grain layer of leather “ in the blue ” of Cl (limed), C2 (bated), and C3 
(re-limed) respectively. (X86).
A  c e t o n e - d e h y d r a t e d  (see Figs. 26-29).
G rain: N o marked differences such as in the air-dried 
samples, but (C l)  still appears least opened up. 
Corium: A s in the grain.
T o summarise, the samples pickled after bating (C2) and those re-limed 
after bating (C3) throughout showed m ore opening up than the unbated 
sam ples (C l). R e-lim ing caused a re-plum ping o f the fibres w hich was not 
subsequently entirely lost so that, especially in the grain, the bated samples 
(C2) appeared finer. R e-sticking occurred in  the air-dried crust leather from  
the lim ed series (C l) and, to a less extent, from  the re-lim ed series (C3).
II. H air Muscle and Follicle Wall
(A 1 )-(A 3 ) H air m uscle and follicle w all absent.
(B l)  F ollic le  w all absent: m uscle present in  varying am ounts from
mere traces to  alm ost intact.
(B2) M uscle partially digested.
(B3) M uscle com pletely digested, or alm ost so.
(C l)  F o llic le  w alls and m uscle intact.
(C2), (C3) F ollicle w alls absent: m uscle com pletely digested near grain sur­
face but still prom inent near the hair roots.
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Figs. 22 and 23.
Grain and corium o f  air-dried 
leather of C l. (X 86).
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Figs. 24 and 25.
Grain layer of air-dried leathers 
of C2, C3. ( X 86).
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Figs. 26 and 27.
Grain and corium of acetone 
dehydrated leather of C l. (X 86).
Figs. 28 and 29.
Grain of acetone dehydrated 
leathers of C2, C3. (X 86).
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Discussion
F ibre  S t r u c t u r e
Consider first Series C  in  w hich the normal treatment that goat skins 
receive is represented. It was observed that bating increased the degree o f  
splitting up of the fibres, in agreement with previous observation on hides2’3 
and on hair sheep1. A fter re-liming subsequent delim ing did not fully deplete 
the fibres and consequently they appeared less split up. T his difference between  
limed (or re-lim ed) and bated skin persisted in the pickled, blue, and fat- 
liquored conditions. On air-drying, the bated skin remained split up but both  
the limed and the re-lim ed structures re-stuck. W ith acetone-dehydration, on  
the other hand, the difference between the three leathers was lessened because 
the fibres did not re-stick. These differences in fibre structure, due to bating, 
were associated with increased flaccidity of the pelt after bating, and softer 
leather in the blue and crust states. The results support the conclusions of the 
previous paper whereby the effect o f lim ing and bating on the appearance of 
the fibre structure m ay be attributed to the production and rem oval of 
“ progelatin ,n from  the surfaces of the fibres. Lim ing was the prim e cause of 
splitting up which to som e extent becam e visible only when bating removed  
the progelatin. A fter bating, splitting up persisted in the dry leather. If, how ­
ever, progelatin rem ained in  the skin (not bated) or was re-formed (re-limed  
skin) both potential and observable splitting up were m ostly lost on drying the 
leathers unless acetone had been use.
In series A , bating again increased splitting up. Sweating resulted in con­
siderable splitting up of the fibres and subsequent lim ing m ade them more 
turgid. Subsequent stages showed little difference between the sweated (A l)  
and the lim ed (A2) skin. The greater degree of re-sticking of the air-dried 
crust leather fibres from  the sweated skin was, however, reflected in the 
inferior appearance of the leather. The crust leathers as a w hole were dis­
tinctly inferior to the corresponding leathers of series C. This m ay be attributed 
to an appreciable degradation of collagen in the lim e in the presence of pro­
teolytic enzymes derived from  the sweating bacteria1.
The effect o f enzym e treatment and subsequent processes was similar to  
that of series A , if  the duplicate set o f series B which gave erratic results is 
ignored.
H air M u s c l e  a n d  F o l l ic l e  W a l l    ..
Both hair m uscle and follicle wall were digested by proteolytic enzyme, 
whether in the unhairing stage or in the bate. Their rem oval in the bate has 
been reported previously by Green and M itton5 who observed a high degree 
of correlation between extent of m uscle digestion and flatness of the grain of 
the crust leather (chrom e-tanned goat). A lthough both extent of muscle diges­
tion and flatness o f  grain increased with degree of bating, they are not neces­
sarily related and this is  borne out by the present results, The grain of the 
crust leather from  the sweated (A l)  and enzym e unhaired (B l)  skins (in which
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the m uscle was already digested) was little affected by lim ing (A 2 and B2) and 
considerably im proved by bating (A3, B3) but was still only about equal (in  
Series C) to the lim ed skins (in which the m uscle was intact) which were 
im proved relatively little by bating. The sweated skin with the m uscle com - 
pletely digested had a distinctly inferior grain to that of the lim ed with the 
m uscle intact. The hypothesis that flatness o f grain is affected by digestion o f  
a sw ollen hair m uscle6’7-8 has been attacked9 and the present results w ould  
confirm its invalidity.
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Investigations on Bating: The Influence of Bating 
Conditions on Goat Skins Tanned for Glace Kid—II. 
Microscopical Observations
(Extra-Mural Experiment No. 110)
By M. Dempsey, G. H . Green and B. M. Haines
SYNOPSIS
Skins given pre-bating and post-bating treatments at two 
glace kid tanneries were bated according to a statistically 
planned experiment. Pre-bating and post-pickling con­
ditions had the m ost marked effect on the fibre structure.
Duration of bate, dependent in part on pre-bating con­
ditions, was also shown to have a significant effect, and 
som e effect, dependent on post-pickling, was also attribu­
table to type o f bate.
INTRODUCTION
The general plan of this experim ent and the results so far 
obtained have been reported by Green and M itton(1). In the 
present paper the statistical analysis o f the m icro-assessm ents of 
the fibre structure of the finished leathers are given and discussed. 
(The fibre structure o f the pickled pelt was also assessed and the 
results analysed, but som e recent work on the technique of pre­
paring pickled pelt for m icro-exam ination has revealed that m icro­
preparations can be m ade from  which the fibre structure can be 
m ore reliably assessed. H ence the pickled pelt is not further 
discussed here.)
THE EXPERIMENT
For convenient reference the factors varied in the experi­
ment are recorded again:
A  :  Processing up to, and including, lim in g : —
(1), in accordance with the norm al practice in Tannery X
a ,  in accordance with the normal practice of Tannery Y
B  :  Type of b a te : —
(1), Pancreol 5A R  (a pancreatic bate)
b ,  Cutrilin K G  (a bacterial enzym e bate)
C  D  :  pH  of b atin g: —
(1), pH  6
c, pH  7 
c l ,  pH  8 
c d ,  pH  9
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E  :  Concentration of bate :—
(1), 0 - 4% w / v  on liquor
e ,  0 - 6% w / v  on liquor
F :  Bating temperature: —
(1)1 34-35 °C
f, - 39-40° C
G H :  Duration of bating: —
(1), i  h 
ft l h  h, 3 h  
gh, 7 h
J  :  Process after p ick lin g: —
(1), as normal practice in Tannery X
j ,  as normal practice in Tannery Y
The fibre structure at the neck, 2 in. from the backbone, was 
assessed from photomicrographs prepared in the usual way. The 
features assessed were fullness, splitting up, and straightness of 
fibres, and the orderliness and com pactness of weave. The m axi­
m um asessm ent for each feature was 16.
ASSESSM ENTS OF FIBRE STR UCTU RE
Just as pre-bating and post-pickling were found to have a 
greater effect on the general characteristics and physical properties 
of the leather than had variations in bating procedure(1), so had  
they on the appearance of the fibre structure. The skins which  
had been processed prior to bating by Tannery Y  were slightly  
better opened up than those of Tannery X . Table I shows them  
to have had straighter fibres, less com pactly interwoven. The 
leather from  pelt pre-treated by Tannery X  was the thicker, but 
that pre-treated by Tannery Y  had greater buckle tear strength 
and greater tensile strength.
T a b l e  I
T h e  E f f e c t  o f  P r e -B a t in g  T r e a t m e n t s  
(Average micro-assessments)
Tannery Straight­ Compact­
ness* ness!
X 9-19 6-08
Y 9-88 5-11
I—1% level o f significance. 
*—5% level of significance.
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T a b l e  II
T h e  E f f e c t  o f  P o s t -P ic k l in g  
(Average micro-assessments)
Tannery Straight­
n ess!
F u lln essf Splitting-
u p t
Orderli­
ness*
Compact­
ness!
X 8-88 8-95 8-61 9-21 6-34
Y 10-19 10-98 11 1 0 10-05 4-84
! —0-1% level o f significance. *—1% level of significance.
The effects of post-pickling treatments, which was marked 
and highly significant, is shown in Table II. The fibres in the 
leathers processed by Tannery Y were the straighter, fuller and 
more split up, with weave pattern the more orderly and less com­
pact. This agrees well with the characteristics of the leathers, 
which were all better in the leather post-treated at Tannery Y, 
with greater area, greater thickness, greater distension at grain 
crack, and higher buckle tear ajtid tensile strength.
The effects of pre-bating and post-pickling treatments were 
related (Table III): the most orderly pattern and the most split­
ting up of fibres were found in leather which had received pre­
treatment by Tannery X and post-treatment by Tannery Y.
T a b le  III
T h e  E f f e c t  o f  P r e -B a t in g  a n d  P o s t -P ic k l in g  
A. Average M icro-Assessm ents for Orderliness*
Pre-bating
Tannery Tannery
X Y
P ost-pickling
Tannery X  ............................. 9-28 9-13
Tannery Y  ......................................... 10-81 9-28
B. A verage M icro-Assessm ents for Sp litting Up!
Pre-bating
Tannery Tannery
X Y
P ost-pickling
Tannery X  ......................................... 8-05 9-17
Tannery Y  .... ............................ 11-39 10-80
* 1-0% level of significance  
!  5 %  level of significance
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T a b l e  IV
T h e  E f f e c t  o f  D u r a t io n  o f  B a t in g  o n  S p l i t t i n g  U p |  
(Average micro-assessments)
{ h -      10-66
1 h       9-94
3 h   10-44
7 h     ...... 8-38
f  0 • 1 %  level of significance
Duration of bating affected splitting up (Table IV), overbating 
(7 h in this experiment) leading to loss of splitting up. Pleass(2), 
in her study of bating sheepskins for gloving, also found re-stick­
ing of fibres after bating too long. On fullness, straightness, and 
compactness the effect of duration of bating was dependent on the 
pre-bating treatment (Table V). In the leather from pelts pre­
treated by Tannery X  fullness was little affected by bating up to 
3 h, while compactness was least after 3 h and both increased 
after 7 h bating; straightness increased progressively with duration 
of bating. With the leathers from Tannery Y pelt, however, full­
ness and straightness increased up to 3 h bating and had decreased 
considerably by 7 h. This indicates that the more opened up 
Tannery Y pelt (see Table I) responded more quickly to bating, 
as common experience would indicate. The increased compact-
T a b l e  V
P r e -B a t in g  a n d  t h e  D u r a t io n  o f  B a t i n g  
A. Average M icro-Assessm ents for Fullness*
Duration of Bating (h)
12 1 3 7 ,
P re-bating:—
Tannery X  ................ 9-56 10-00 9-94 10-75
Tannery Y ................ 9-75 10-25 11-00 8-50
B. Average M icro-Assessm ents for Straightness*
Duration of B ating (h)
i  1 3 7
Pre-bating 
Tannery X  ................ 8-31 8-56 9-44 10-44
Tannery Y ................ 9-88 9-88 10-88 8-88
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C. Average M icro-Assessm ents for Compactness*
Duration of Bating (h)
12 1 3 7
P re-b atin g:—
Tannery X  ................ 5-88 5-88 5-38 7-19
Tannery Y ................ 4-31 5-63 5 1 9 5-31
* 5  %  level of significance
ness in the leathers from Tannery X  pelt, and the loss in fullness 
and straightness in the case of the Tannery Y pelts, together with 
the general loss of splitting up in pelts that had been bated 7 h, 
are consistent with the deterioration in overall characteristics 
previously reported'1’ with the leathers from the 7 h bating.
The micro-assessments for splitting up in Table VI suggest 
(though this was not recognised in other features of the leather) 
that some of the differences between the leathers post-treated at
T a b l e  VI
T h e  E f f e c t  o f  T y p e  o f  B a t e  a n d  P o s t -P ic k l in g  
Average M icro-Assessm ents for Sp litting Up*
Type of Bate
Pancreol
5A
Cutrilin
KG
P ost-pickling  
Tannery X  ................  ................. 9-77 7-45
Tannery Y ......................................... 9-83 12-36
* 0 -1 % level o f significance
the two tanneries was attributable to those pelts which had been 
bated with bacterial bate. There was little difference in splitting 
up of fibres in leather from pancreatic bate from the two tanneries, 
but those pelts bated with the bacterial enzyme, which had subse­
quent treatment by Tannery X, were assessed on average at 7-45, 
while those from Tannery Y were assessed at 12-36.
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Proteolysis of Collagen
I t  w a s sh ow n  b y  L in d erstrom -L an g  and  co-w ork ers1 ^  „
t h a t  th e  tr y p tic  h y d ro ly sis  o f  [3-lactoglobulin in v o lv es G; H . G l'» L E N ,
th e  revers ib le  d en a tu ra tio n  o f  th e  p rote in  a s a  p re lim ­
in a ry  s ta g e . A  co n sid era tio n  o f  kn ow n  fa c ts , to g eth er  0  . S c . I 9 6  2
w ith  n ew  ev id en ce  o b ta in ed  in  co n n ex io n  w ith  an  
in v e st ig a tio n  o f  th e  m ech a n ism  o f  b a tin g  o f  sk in s in  
lea th er  m a n u fa ctu re2, in d ica tes th a t  co llagen  an d  pro- 
co lla g en  are a lso  d en atu red  b y  th e  e n zy m e  prior to  
h y d ro ly sis . B a tin g  is a  process in w h ich  sk in s, a fter  
lim in g  an d  d e lim in g , are trea ted  w ith  a p ro teo ly tic  
e n z y m e  (u su a lly  try p sin ) in  order to  p rod u ce  a  so ft  
lea th er . T h e  process h a s b een  sh o w n  to  in v o lv e  th e  
rem o v a l o f  d egraded  co lla g en  (a form  o f  co llagen  
in  w h ich  th e  fibrillar stru ctu re  h a s d isin teg ra ted  and  
w h ic h  h a s  been  n a m ed  ‘p ro g e la tin ’2) produ ced  b y  th e  
sw ellin g  a c tio n  o f  lim e , a n d  is  n o rm a lly  carried  out 
a t  a b o u t 37° C. T em peratu re  contro l is  cr itica l since  
l it t le  or no  a c tio n  ta k e s  p la ce  be low  35° C., an d  ab o v e  
40° C. rap id  d ig estio n  o f  in ta c t co lla g en  occurs, lea d ­
in g  to  a  lo ss o f  lea th er-m a k in g  su b sta n ce . T he low er  
lim it  is  ex p la in ed  b y  th e  fa c t th a t  p ro g e la tin  m u st  
b e  co n v erted  in to  g e la tin  before it  can  b e  h y d ro ly sed  
b y  th e  en zy m e. I f ,  h ow ever, th e  sk in  is  h e a te d  to  
4 0 -4 5 °  C. before  a d d in g  th e  e n zy m e, b a tin g  can  be  
carried  o u t a t  a  m u ch  low er tem p era tu re , for e x ­
am p le , a t  27° C. in  a b o u t tw ic e  th e  t im e  required  a t  
37° C., w h ich  is  in  accord  w ith  th e  tem p eratu re  
coeffic ien t o f  p ro teo ly tic  en zy m es a c tin g  on gelatin*.
T h e  h igh er  tem p era tu re  required  to  h e a t th e  p ro ­
g e la tin  in  th e  a b sen ce  o f  en z y m e  th a n  in  its  presence  
is  in d ic a t iv e  o f  a  d en a tu ra tio n  s ta g e  w h ich  can  be  
c a ta ly se d  b y  th e  en zy m e. A s d en a tu ra tio n  is b e liev ed  
to  in v o lv e  ruptu re  o f  h y d rogen  b on d s b etw een  paralle l 
m olecu lar  ch a in s, the en z y m e  fu n ctio n s as a  hyd rogen  
b o n d  breaker in  a  s im ila r  m anner to  ch em ica ls su ch  
a s a lk a li, urea , p o ta ss iu m  th io c y a n a te , e tc .
H y d ro g en  b on d  b reak ing  b y  ch em ica ls  can  be  
fo llo w ed  b y  th e  d ecrease in  h y d roth erm al sh rin k age  
tem p era tu re  (T g), b u t fa ils  w ith  p r o teo ly tic  en zy m es  
s in c e  d en a tu ra tio n  is im m ed ia te ly  fo llow ed  b y  hydro- ■ 
ly s is , so  th a t  sh rin k age  does n o t occur. I t  is im p ossib le  
to  w a sh  o u t c o m p lete ly  or in a c tiv a te  th e  e n zy m e  
adsorb ed  on th e  co llagen , w h ich  is rem arkab ly  sta b le  
so  th a t  ev en  p lu n g in g  th e  e n zy m e-trea ted  collagen  
in to  b o ilin g  w a ter  resu lts in  ap p reciab le  h yd ro ly sis  
b efore  th e  e n z y m e  is in a c tiv a te d 4. A n y  ch em ica l 
tr e a tm e n t th a t  low ers th e  1 \  o f  co lla g en  resu lts in an  
in crea sed  ra te  o f  a tta c k  b y  try p sin  a t  3 7 -4 0  (J. 
b eca u se  th e  a c t iv a tio n  en erg y  for e n z y m e  d en a tu ra ­
t io n  i s ’red uced . V arious n a tiv e  fish  co lla g en s are  
a tta c k e d  b y  tr y p sin  a t  tem p eratu res rela ted  to  the ir  
h y d ro th erm a l sh rin k a g e  tem p era tu res5. F ish  co lla ­
g en s are b e lie v e d  to  differ from  m a m m a lia n  co llagen  
p r in c ip a lly  in  th e  degree o f  h yd ro g en  b o n d in g 6 and  
so  b e h a v e  sim ila r ly  to  ch em ica lly  trea ted  m am m alian  
co lla g en .
G. H . Gr e e n  
B r itish  L eath er  M a n u fa ctu rer^ flesearch V A ssocia tion ,
M ilton  P ark ,
E g h a m , Surrey.
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A Survey of the Factors Influencing Grain Crackiness 
and Softness of Chrome Tanned Woolskins 
By G. H. Green
SYNOPSIS
T he influence of the raw material, position in the 
skin, and 31 processing variables on the grain crackiness 
of chrome and chrome-aluminium tanned woolskins has 
been assessed. Grain crackiness was measured on the 
lastometer as the load required to crack the grain. The 
experiments were carried out, m ostly as fractional repli­
cate statistically controlled experiments, on pieces 4 \  in. X 
3 |  in. The m ost important factor was found to be the 
origin of raw material. There were large differences 
between types of skins, whilst differences between indi­
vidual skins from  the same pack often far outweighed 
differences induced by variations in processing condi­
tions. A ll other factors which had an influence were pro­
cesses carried out after tannage.
The raw material and some processing factors also 
affected the softness o f the leather independently of 
their effect on grain crackiness.
CONTENTS
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I. EXPERIMENTAL
(i) Dressing Procedure
(ii) Determination of Grain Crack
(iii) Statistical Plan
II. RESULTS
(i) Factors Influencing Grain Crack
(ii) Factors Influencing Hard Crack
(iii) Factors Influencing Softness
III. DISCUSSION
INTRODUCTION
The problem of cracky grain in woolskin linings and beaver 
lamb is a serious one which has received very little attention 
outside the dressing yard itself. The only recorded work on the 
subject was done by Innes(1). Using a diaphragm tester to 
measure grain crack he found that the breech was the area of 
the skin most liable to crack and the belly area the least. Crack
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was mostly in evidence in the greasy areas of an undegreased 
skin and was independent of the degree of chrome tannage. Dry 
pickling with salt and sodium bisulphate and prolonged storage 
(17 months is instanced) was found to yield skins free from 
tender grain and crackiness. This work was done on freshly 
slaughtered skins and it does not follow fhat storage in pickle 
would be equally beneficial with dried and dry-salted skins which 
are used for the bulk of lining and beaver lamb production, or 
that prolonged storage in pickle would be economic.
Innes studied only two variables, but woolskin and beaver 
lamb dressing involve a large number of other stages many of 
which might be expected to have some influence on grain crack. 
It was decided to carry out a systematic survey of all the stages 
which are used in woolskin dressing and also test variations used 
in other branches of leather manufacture which are not normally 
used for woolskins.
In place of the diaphragm tester used by Innes, the lastometer 
has been used in the present work as a measure of grain crack, 
though the principle is the same. A number of commercial skins 
from various sources classed as cracky or non-cracky were 
tested. In general, loads below 6 kg and extensions below 4 mm 
were obtained bn cracky skins, and figures above these on non- 
cracky ones. In early work both load and extension at grain 
crack were measured, the two figures being roughly proportional 
as found by Innes. Similar conclusions were reached using either 
figure but as the load was found to be more reproducible, 
measurements of extension were abandoned and only the loads 
are reported*. In commercial practice crackiness is assessed 
manually by pulling the skin over the knuckles and so conforms 
to measurement of load rather than extension, even though the 
lasting operation in shoe manufacture requires stretch rather than 
strength. With beaver lamb stretch may be more important in 
making up the coat but in wear its strength will count most.
In addition to affecting grain crackiness, certain factors 
affect the softness of the leather. No attempt has been made to 
measure softness quantitatively, but by manual assessment it 
was possible to grade the skins into groups of decreasing softness 
and obtain information as to which factors tend to make the 
leather soft or hard.
I. E X PE R IM E N T A L
(i) D r e s s in g  P r o c e d u r e
The general dressing procedure followed in the course of 
the twelve experiments carried out is given, not all stages being
* Loads, in kg, at grain crack are given in italics in the text o f this report.
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carried out in any one experiment. Variation from this procedure 
and limits to the variables are detailed under the individual 
experiments.
Raw Material
(a) Fresh domestic sheepskins given a short soak in water.
(b) Dried S. American or Australian sheepskins soaked for 
24h, broken over and green fleshed. Some skins were 
received after scouring.
(c) Dry-salted Cape sheepskins soaked, etc. as (b).
(d) Dried S. American or Australian sheepskins, chrome- 
tanned in the blue.
Four skins were used in each experiment (except Nos. V III, 
X I and XII), 3 2  pieces 4 \  in. X 3 in. being cut from each skin 
avoiding damaged and abnormally thin or thick areas. Each 
piece was shaved with electric clippers to a wool length of 
£ in. and the 128  pieces in each experiment numbered 
individually using a punched hole coding system. (N .B . It was 
found easier to cut out the 3 2  pieces in one block for shaving 
and then cut into pieces rather than shave the individual pieces). 
An 80 0 %  float expressed as a percentage of the shaved weight 
was used in all drumming operations.
Soaking
Skins were drummed for 1 h in running water, followed by 
1 h in water or 5 % brine, left in the liquor overnight and given a 
further 1 h drumming.
Scouring
Skins were drummed in scouring liquor for 30 min at the 
required temperature, the liquor discarded and the process 
repeated.
Swelling Before Tannage
Skins were immersed in a solution of swelling agent for 2 
days, being given a few minutes drumming initially and after 1 
day. They were then washed in running water for a few minutes. 
Skins swollen with alkali were given several further washings 
until no more alkali was removed.
Pickling
Skins were drummed for 1 h in 5 % salt solution containing the 
required amount of acid. They were left overnight in the liquor. 
In one experiment aluminium sulphate was also added to the 
pickle liquor. Skins not adequately fleshed were hand fleshed at 
this stage.
133
C H R O M E -T A N N E D  W O O L S K IN S
Tannage
Skins were drummed in a solution of 3 % salt and 0 • 5 % 
Cr20 3 (as Chrometan, a 33% basic chromium sulphate contain­
ing 25% Cr2Os) for about 6 h, left overnight and basified to 
pH 3-9 during the next day. In some experiments basification 
was commenced after 2 h, and when formic acid was used in 
the pickle, basification was taken to pH 4 5. After tannage or 
neutralization (see below) the skins were squeezed out by hand 
and piled for 2 or more days.
N e u t r a l i z a t i o n
After tannage skins were washed in running water for 30 
min, drummed with 0*5% N aH C 03 in water for l \  h and 
rinsed. Where neutralization was carried out in the presence of 
salt, a number of changes of 5 %  salt solution were substituted 
for the running water and 5% salt included in the NaHCOs 
liquor.
F a t - l i q u o r i n g
3 ml. of oil-water emulsion was brushed uniformly over 
the flesh surface of each piece and the pieces piled flesh to flesh 
for 1-2 days.
1 s t  S t o v i n g
Skins were nailed out on wooden boards flesh surface 
uppermost and dried at constant temperature.
D e g r e a s i n g
Skins were refluxed 32 at a time in 4 1. 40-60° light petroleum 
for 3 h, drained and aired off.
R e - o i l i n g
Where mineral and glyceride oils were used these were 
diluted 6 times with 100-110° light petroleum, measured volumes 
brushed uniformly over the flesh surface and then the skins aired 
off. Oils emulsifiable with water were applied after wetting back, 
in the same manner as for fat-liquor.
W e t t i n g  B a c k
Skins were drummed for 1 h in water containing 0 • 1 % 
non-ionic wetting agent and left in the liquor overnight.
H y p o c h l o r i t e  T r e a t m e n t
Skins were drummed with water to which was added 0 3% 
sodium hypochlorite (10% available chlorine) solution for 15 min. 
Drumming was continued for a further 20 min, 5 n  hydrochloric 
acid added over 15 min to bring the pH down to 4 and the drum
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run a further 15 min. The liquor was replaced by soda ash 
(0 0375%) and hydrated sodium sulphite (0 0375%) solution, 
drummed for 20 min and the skins rinsed in running water.
Killing
This was performed on skins subsequently mordanted and 
dyed. The skins were drummed with 1 % soda ash for 2 h at 
30°, rinsed, drummed in 0 1 %  acetic acid solution for \  h and 
rinsed once more.
Mordanting
Skins were drummed for 1 h in mordant solution adjusted 
to the required pH with formic acid and left overnight in the 
liquor.
Dyeing
(a) Oxidation dyestuffs. Skins were drummed in 0 4% dye 
solution adjusted to pH 8 with ammonia, at 30-35° for 15 min 
0 4% 100 vol. hydrogen peroxide (on liquor) was added in 
portions at 5 min intervals over \  h. The pH and temperature 
were maintained for 4 h, the liquors left to cool overnight with 
the drum stopped. In some experiments the dye and hydrogen 
peroxide were treated as separate variables.
(b) Other dyestuffs and syntans. Skins were drummed in 
0-4%  solutions of the dye or syntan at 30-35° for 4-6 h and 
left overnight to cool. With some dyes 0 2% formic acid (on 
solution) was added after the first hour to increase fixation.
Humectant
This was incorporated just prior to the 2nd stoving. Sodium 
chloride was in most cases added to the final liquor, i.e. the dye 
solution in which the skins stood overnight, in such amount as 
to give the required level in the dried, shaved leather. Othet 
humectants and sometimes sodium chloride were applied as an 
aqueous solution brushed onto the flesh, the skins being piled 
flesh to flesh for 24 h or longer before drying. When re-oiling 
with a water-soluble oil in the same experiment, both humectant 
and oil were applied in the same solution. N.B. All pieces of 
skin in any one experiment received the same amount of water.
2nd Stoving
As for 1st stoving.
Treatment of Wool with Formic Acid and Formaldehyde
Skins were sprayed lightly and evenly on the wool side with 
a mixture of formic acid (80%), 20 parts; formaldehyde (40%), 
40 parts; methylated spirit 20 parts, water, 20 parts, all by
135
C H R O M E -T A N N E D  W O O L S K IN S
volume. In some treatments the formic acid, the formaldehyde, 
or both, were replaced by water and methylated spirit so as to 
maintain the same proportion of these last two in the mixture. 
The sprayed skins were piled in pairs wool to wool in an oven 
at 50°C for 2 \  h, then laid out wool uppermost to dry at room 
temperature.
Ironing
Skins were shaved uniformly to ^  in. wool, conditioned 
at the required humidity and given 10 light strokes on the wool 
side with an electric iron thermostatically controlled at 200° C.
( ii)  D e t e r m in a t io n  o f  G r a in  C r a c k
Three 2 in. dia. circles were cut from each skin piece, the 
third circle being used only when the first two lastometer 
readings were not in agreement. The circles were clipped as 
closely as possible and conditioned at 70°F and 70% r.h. To 
assist the observation of grain crack on the lastometer, the 
central area of the circle was lightly rubbed with carbon black.
( iii)  S t a t is t ic a l  P l a n
All experiments except Nos. VIII, XI, and X II were performed 
as fractional replicate factorials on 128 pieces with either 4 blocks 
(individual skins) or 8 blocks (two blocks per skin). In No VIII 
an equal number of circles were taken from each block for the 
two levels of the single variable being studied.
To economize in space, the variables in the individual 
experiments have not been listed separately but may be obtained 
indirectly from the results below.
Where results are recorded as not significant, the level of 
significance was above 5%. A number of apparently significant 
dual interactions were obtained but have been ignored as 
theoretically highly improbable. These must occur in experiments 
of this type since 1 in 20 dual interactions at the 5% level of 
significance and 1 in 100 at the 1 % level will occur purely by 
chance. Significant dual interactions which were theoretically 
plausible were always repeated for confirmation.
II. RESULTS
(i) F a c t o r s  I n f l u e n c in g  G r a in  C r a c k
(1) Raw Material
The figures for all experiments where more than one skin 
was used are recorded in Table 1. Only in Expts. IV and VI 
were the differences between the least and most cracky skins not 
significant at the 5% level. Apart from Expts. IX  A and IX  B,
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T a b l e  I
V a r ia t io n  i n  C r a c k i n e s s  b e t w e e n  S k i n s  in  t h e  S a m e  P a c k
BvXpt.
No.
Type of sk in Doad at grain crack (K g)
I W /S  D o m e stic ................ 19-3 23-9
Dried Australian ................ 7-3 11-3
II D /S  Cape 6-9 14-4
Dried Australian ................ 11-4 18-0
III Dried Australian ................ 5-7 8-8 9-1 1 2 0
IV Dried Australian ................ 4-4 4-7 5-1 6-9
V Dried S. Am erican ................ 6 1 7-9 8-9 9-6
VI Dried S. Am erican ................ 3 0 3-1 4-2 4-2
VII Dried S. Am erican ................ 10-9 1 1 0 11-5 15-7
VIII Dried S. Am erican ................ 14-5 1 7 0 20-0 2 1 0
IX  A Dried S. American 6-2 7-2 7-4 7-9
IX  B Dried S. American ................ 7-9 8-3 8-9 11-6
X Dried S. American ............... 8-5 9-3 9-8 9-8
which were duplicates, the figures for different experiments are 
not comparable since the experimental variables were different.
(2) Position
I. Pieces cut from neck area were compared with pieces cut 
from breech end.
V, VI. Pieces cut from backbone were compared with pieces 
cut from the belly areas.
There was no significant difference in crackiness in leathers 
from the two areas in either case.
(3) Soaking
I. Fresh domestic and dried Australian skins were soaked in 
water or in 5% brine prior to scouring. No difference due to the 
two treatments was observed.
(4) Scouring Agent
II. Skins were scoured twice with 0 1% of either non-ionic 
(Coriline DG) or anionic (Teepol) wetting agent plus 0 2% soda 
ash at 32° or 45°.
IX. Skins were scoured twice with 0-1% Teepol plus 0-2% 
soda ash at 30° or 45° with or without mechanical action. Other 
skins were given the same treatment without the scouring agents 
present.
In neither experiment was any difference observed between 
the two scouring treatments.
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(5) Scouring Temperature
For details see under (4).
- In Expts. II and IX  A there was no significant difference 
between the two tem peratures: in Expt. IX  B the lower
temperature gave the less cracky leather (7 9 compared with 
9-4, significant at 5% level). It seems probable that the significant 
result in Expt. IX  B was fortuitous as the results of the three 
experiments were not consistently in the same direction.
(6) Scouring: Mechanical Action
IX. Skins were scoured with either no mechanical action or 
in a drum, in absence or presence of scouring agent, at 32° or 45°.
Mechanical action had no significant effect.
(7) Swelling Prior to Tannage
II. Skins were treated for 2 days in one of the following:
Water plus antiseptic
1 7 %  ammonia (0-880) solution
1 0 %  soda ash solution
2-0% formic acid on soaked skin weight
Only the soda ash treated skins differed significantly (5% 
level) from the water treated skins (water, 13 9\ soda ash, 11 4).
III. Skins were treated with water or ammonia as II. Again 
there was no difference.
(8) Pickle Acid
I. Skins were pickled in 5% salt solution with 1% or 2% 
of either sulphuric or formic acid. The equilibrium pH  values 
were 1 ■ 6-2 • 0 units higher with formic acid and basification 
during tannage was carried out to 0 5 unit higher. There was 
no significant difference between the two acids.
(9) Pickle Acid Concentration
I. For details see under (8).
IV. Skins were pickled with l \%  or 3% sulphuric acid, 
giving equilibrium pH values of 3-1 and 1 • 8 respectively.
In neither experiment was any difference observed between 
the two acid levels.
(10) Initial pH  of Tannage
I. The chrome liquor was adjusted to pH 3 0 or 2 0 and 
used to tan skins given a low or high acid pickle respectively. 
These pH values were maintained during the first 2 hours’ tannage 
after which basification was begun.
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T a b le  II.
V a r ia t io n  o f  S h r in k a g e  T e m p e r a t u r e  w i t h  T a n n i n g  C o n d i t i o n s
p Low acid pickle, high pH tannage
P High acid pickle, low  pH tannage
c Low level chrome offered
C High level chrome offered
n N ot neutralized
N  Neutralized
Treatm ent Ts Treatm ent
P . c n 86, 87 P C n 92, 92
P c n 89, 90 P c N 89, 92
P C n 88, 90 P C N 90, 91
P c N 79, 80 P C N 88, 90
Factors P and C raise Ts 
Factor N  has variable influence.
III. As I using skins pickled with i \%  or 3% sulphuric acid.
There was no significant difference between the two pH 
values.
(11) Addition of A lum  to Pickle or Tan Liquor
I. Aluminium sulphate was added to the pickle liquor, to 
the tan liquor or to both, to give 0 5% A120 3 in solution. The 
addition of alum had no significant effect.
(12) Chrome Offered and Degree of Tannage
I. The tanning solution contained either 0-35% or 0-70% 
Cr2Oa and resulted in differences in shrinkage temperature of the 
leather from 0° to 10-12° according to other treatments (see 
Table II). There was no difference in crackiness between skins 
with the two chrome levels.
IX. Expts. IX  A and IX  B were, apart from one minot 
detail, identical except that the duration of tannage in IX  B was 
more prolonged. The leathers in IX  A began to shrink slowly at 
71 °C, the main shrinkage occurring at 93°, suggesting uneven 
chrome penetration and undertannage of the grain. IX  B leathers 
shrank sharply at 95°. The average scores for the 4 skins in the 
two experiments were: IX  A, 6-2, 7-2, 7-9, 8 9', IX  B, 7'4, 
7-9, 8-3, 11 6 giving an average difference of 1-0 kg. This 
difference is not statistically significant.
(13) Neutralization
I. Skins were neutralized in the normal manner. There were 
no further wet processes. Neutralization resulted in an increase iq
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crackiness significant at the 0-1%  level (not neutralized, 17'5\ 
neutralized, 13 • 4).
II. This was the same as Expt. I except that neutralization 
was carried out in the presence of 5 % salt. This time no difference 
was observed.
(14) Fat-liquor, Type
I. Skins were fat-liquored with low or high sulphonated 
neatsfoot oil (LSN or HSN). The LSN gave the less cracky 
leather, significant at 5% level (LSN, 16 7; HSN, 14' 1).
II, V, VI, VII. The same two oils were compared as in 
Expt. I using a number of concentrations and drying 
temperatures. Although the results did not reach the 5% 
significance level, in three of the experiments the LSN again 
was superior and in the fourth the two oils were equal. These 
results were not related to subsequent degreasing or degreasing 
and re-oiling.
XI. Skins were fat-liquored with low sulphonated sperm oil 
or with a proprietary mixture of high sulphonated sperm and 
mineral oils, due allowance being made for the difference in their 
water content. Half the skins were degreased. The LSS gave the 
less cracky leather with the degreased skins only (LSS, 12'O', 
HSS, 10 1).
XII. The same two oils were compared, all the skins being 
degreased. Again the LSS was superior (LSS, 12- 5; HSS, 10'8). 
These differences could not be attributed to differences in 
residual oil. The petroleum ether extractable oil amounted to
3-7-3-8%  in each case.
(15) Fat-liquor Concentration
II, IX. Two levels of sulphonated neatsfoot oil were used, 
the higher level being 1 • 6 times the lower and slightly above and 
below the level used in practice. All skins in Expt. IX  were sub­
sequently degreased and re-oiled. The higher oil level gave the less 
cracky leather in Expt. II (low, 11 8\ high, 13 6: significant just 
above 5% level) and Expt. IX  B (low, 7 -9 5 : high, 9 -3 5 : significant 
at 5 % level) whilst in Expt. IX  A no difference was observed.
(16) 1 st Stoving, Temperature
I. Skins were stoved at 80°F or 120°F, the higher temperature 
giving the less cracky leather (80°, 14-0 ; 120°, 16-8: significant 
at 1% level).
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IV. Skins were stoved at 97 °F or 122° F, this time the lower 
temperature giving the better result (97°, 8-35; 122°, 7 '5 \  sig­
nificant at 5% level).
V, VI. Skins were stoved at 80°F or 130°F. No difference 
was observed.
X. Skins were stoved at 80 °F or 122° F. No difference was 
observed.
Differences in type of oil and subsequent processing con­
ditions could not account for the contradictory results. They must, 
therefore, be attributed to chance.
(17) 1st Stoving, Rate of Drying
VII. Skins fat-liquored with sulphonated neatsfoot oil were 
piled for 2 days. One half were piled a further day at 80°F in 
polythene bags to prevent drying, then nailed out and dried at 
80°F with little air circulation. The other half were nailed out 
directly and dried at 80° F with good air circulation. There was 
no significant difference between the two methods of drying.
(18) Degreasing
II, XI. Skins were either degreased or not. Degreased skins 
were significantly (1% level) crackier. Expt. II : not degreased,
14-25; degreased 11 05. Expt. X I: not degreased, 13-3; degreased 
10 0.
(19) Re-oiling, Type of Oil
III. Degreased skins were re-oiled with 20% oil. The glyceride 
oil gave much crackier leather than the other three oils (significant 
at 1% level). Mineral, 10 6; glyceride, 6 4; low sulphonated neats­
foot, 9 4; high sulphonated neatsfoot, 9 3.
VII. Degreased skins were re-oiled with 5% oil, the mineral 
oil giving the least cracky leather (1% significant). Mineral,
15-7, low sulphonated neatsfoot, 11 -6; high sulphonated neats­
foot, 11-45; cationic sulphonated sperm, 1 1 0 .
In the presence of sulphite cellulose extract (used before 
oiling) the cationic sperm oil was markedly inferior (sperm oil 
alone, 11 9; sperm oil +  sulphite cellulose extract, 8-4). As 
neither cationic sperm oil nor sulphite cellulose extract are 
normally used in woolskin dressing and offered no benefits, no 
effort was made to confirm this result.
IX. Degreased skins were re-oiled with 5% or 10% low or 
high sulphonated neatsfoot oil. There was no difference between 
leathers from the two oils.
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(20) Re-oiling, Concentration of Oil
V. Undegreased skins were compared with skins degreased 
and re-oiled with 6% mineral oil. There was no difference between 
the two sets of leathers. Thus the detrimental effect of degreasing 
is compensated by the introduction of 6% mineral oil.
IX. See under (19). The higher level of oil did not significantly 
reduce crackiness.
(21) Presence of Salt
I, II. See under (13). The removal of salt during neutraliza­
tion resulted in a highly significant increase in crackiness.
VI. After dyeing, 0, 1, 2 or 4% salt was added to the dye 
bath and the skins allowed to equilibrate with the salt. The skins, 
which had not been dried prior to dyeing, were then fat-liquored 
and dried. Salt was determined in the leather. Increasing level of 
salt resulted in decreasing crackiness, significant at 0 • 1-1 % level: 
0-046% , 2-31; 1-4% , 3-53\ 3-0% , 4 09', 6-1%, 4-37.
(22) Humectant, Type
III. Skins which had been degreased and re-oiled with 20% 
oil were treated with various humectants. Salt gave significantly 
(5% level) less cracky leather than the other materials. (5% 
salt, 10-3; 2-5% glycerol, 5-5; 2-5% glucose, 7-8\ 2-5%
polyethylene glycol 400, 8-9).
IV. Undegreased skins free from salt were treated with 
2-5% or 5% polyethylene glycol 200 or 400 (these figures indicate 
the degree of polymerization). The leathers from the two 
polyethylene glycols were similar.
VII. Degreased and re-oiled skins containing about 1% salt 
were treated with various humectants (none, 11-4', 2-5% 
glucose, 12 -3\ 2-5% polyethylene glycol, 11 O', 2-5% glucose 
+  2 • 5 % polyethylene glycol, 15 • 0). The mixture was significantly 
better than calculated from the sum of the components.
IX. As Expt. V II using 5% of single components (none, 7-2, 
7-4\ 5% glucose 7-0, 7-65', 5% polyethylene glycol 7-1, 9-35 ;
2-5%  glucose +  2-5% polyethylene glycol, 9-25, 10-1). Again 
the interaction between the glucose and polyethylene glycol was 
significant.
X. Degreased and re-oiled skins were treated with various 
humectants (1-7% salt, 9-3; 8-5% glucose, 8-3; 8-5% poly­
ethylene glycol, 9 8\ 4-3% glucose +  4-3% polyethylene glycol 
9 9).
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(23) Humectant, Concentration
IV. See under (22). The higher level of polyethylene glycol 
gave the less cracky leather (2-5% , 7-5; 5%, 5-5; 1% significance).
XI. Skins either not degreased or degreased were treated 
with various levels of polyethylene glycol up to 8%. The poly­
ethylene glycol was without effect on the undegreased skins but 
showed a slight beneficial effect up to 2% on the degreased skins 
(0%, 7-5; 1%, 8-0, 2%, 11-5; 3%, 10-5- 4%, 12-0-, 5%, U-0\ 6%, 
11 O', 3%, 15-0).
XII. Degreased skins were treated with up to 4% poly­
ethylene glycol. No differences between the various levels was 
observed in this experiment.
(24) Mordanting, Type
IV. Skins were mordanted with various mordants at pH  2-5 
or pH 5 and half were subsequently dyed with a para-phenylene- 
diamine type dye with hydrogen peroxide. The results given in 
Table III indicate that the mordants themselves are without 
effect (ferrous sulphate) or beneficial (copper sulphate, potassium 
dichromate) but if subsequently dyed, ferrous sulphate and potas­
sium dichromate are detrimental. That the detrimental effect of 
dyeing is due to the hydrogen peroxide rather than the dyestuff 
is shown below.
T a b l e  III.
In f l u e n c e  o f  M o r d a n t  a n d  H y d r o g e n  P e r o x i d e  o n  G r a in  C r a c k
Mordant
Load at grain crack (K g)
No
peroxide Peroxide Mean
N one ..........................................  ................ 8-3 8-4 8-35
Copper sulphate 5 g / l ........................ 9-7 8-2 8-95
Ferrous sulphate 4 g / l ..................................... 8-7 6-1 7-4
Potassium  dichrom ate 3 g / l ......................... 9-4 4-4 6-9
Mean ............................. 9 0 6-8 7-9
V. Skins were mordanted with 3 g/1. potassium dichromate 
followed by dyeing with /wra-phenylenediamine type dye with or 
without hydrogen peroxide. These results are recorded in Table 
IV and confirm that peroxide is more detrimental if it follows a 
dichromate mordant.
VI. As Expt. IV except all the skins were subsequently dyed. 
Again dichromate was detrimental though ferrous sulphate showed
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T a b l e  IV.
In f l u e n c e  o f  P o t a s s i u m  D ic h r o m a t e  M o r d a n t  a n d  
H y d r o g e n  P e r o x i d e  o n  G r a in  C r a c k
Load at grain crack (K g)
No
peroxide Peroxide Mean
N ot m ordanted .... ............ 1 0 0 7-3 8-65
Mordanted ............................. 1 0 0 5-4 7-7
M ean ................ 1 0 0 6-35 8-2
no effect (no mordant, 3-7; copper sulphate, 4 1; ferrous sulphate, 
3 -5; potassium dichromate, 2-9).
X. Half the skins were mordanted with 4 g/1. ferrous sulphate 
at pH 2-5 or 5 and all were subsequently treated with hydrogen 
peroxide. Mordanting had no significant effect.
(25) Mordanting, pH
IV, X. See under (24). No significant differences due to pH 
were obtained.
(26) Dyeing, Type of Dye
IV. See under (24).
V. Half the skins were dyed with para-phenylenediamine 
type dye, hydrogen peroxide being added to half the undyed and 
half the dyed skins. The presence of the dyestuff was beneficial 
irrespective of the presence of hydrogen peroxide (no dye, 6 9; dye, 
9 -5 : significant at 0• 1 % level).
VI. Skins were dyed with various dyes or syntans.
None ...........................................................3-4
Sellamol DT (Geigy) ...   2-8
Acid Leather Orange (Clayton) ................ 3-7
Procion Blue 3GS (I.C.I.)   4-4
Sellamol DT was detrimental (5% significance) and Procion Blue 
beneficial (0 1% significance).
VII. Skins were dyed with Lissatan AC (I.C.I.), Hansa D 
(sulphite cellulose extract), Cibacet Scarlet 2BS (Clayton) or no 
dyestuff. No significant differences were obtained.
IX. Skins were dyed with Albatex WSE (Clayton), Parvol 
PLN (Y.D.C.), Cibalan Yellow GRL (Clayton), Cibalan Green 
GL (Clayton) or no dyestuff. Again there were no significant 
differences.
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X. Skins were dyed with Procion Brilliant Red 2BS (I.C.I.), 
Acid Leather Green V (Clayton), Kiton Pure Blue (Clayton) or no 
dyestuff. None of the dyes had any influence on grain crack.
(27) Hydrogen Peroxide
IV. See (24) and Table III.
V. See (24) and Table IV.
VII. Skins were treated with hydrogen peroxide either before 
1st stoving or after 1st stoving and wetting back. The stage at 
which the treatment was given had no influence.
(28) Hypochlorite
VII. Half the skins were treated with sodium hypochlorite 
prior to dyeing. There was no significant effect.
(29) 2nd Stoving Temperature
In all four experiments in which the skins were stoved at 
two temperatures the higher temperature gave the more cracky
leather though in only once case (IX A) did the difference reach
the 5% level of significance.
II. 80°F., 13-2; 122-131°F., 12-2.
V. 80°F., 8-7; 130°F., 7-8.
IX  A. 80°F., 8 25; 122°F., 7-0.
IX  B. 80°F., 9-2; 122°F., 8 1 .
(30) Spraying with Formaldehyde
IV. Half the skins were sprayed with a mixture of formalde­
hyde and formic acid solution. These were considerably more 
cracky than the control skins (not sprayed, 9-8; sprayed, 6 05: 
Significant at 0 T  % level).
V. Half the skins were sprayed with formaldehyde solution 
with a similar result (not sprayed, 10 <5; sprayed, 5-8).
(31) Spraying with Formic Acid
V. Half the skins were sprayed with formic acid solution. 
There was no significant effect.
(32) Ironing
III. Degreased, re-oiled and humectanted skins were treated. 
Ironing had a detrimental effect significant at 1 % level (not ironed, 
9 9; ironed, 7 9).
IV. Skins treated with humectant were ironed. There was no 
effect due to ironing.
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V. Degreased and re-oiled skins were ironed. Again there 
was no effect.
VII. Skins were conditioned at either 60% or 90% r.h. 
before ironing. Ironing at the higher moisture content gave the 
crackier leather (60% r.h., 13 4: 90% r.h., 11 45: significant 
at 5% level).
(33) Order of Dyeing and Ironing
V. Half the skins were ironed before dyeing (para-phenylene- 
diamine type dye +  hydrogen peroxide) and half afterwards. No 
difference was observed.
T a b l e  V.
I n f l u e n c e  o f  S t o r a g e  W it h  a n d  W i t h o u t  H u m e c t a n t  o n  G r a in  C r a c k  
Humectant: 21% each o f polyethylene glycol and glucose
Storage conditions No. of 
sam ples
Load at grain  
crack (Kg)
Control
H um ec­
tant
added
N one ................................................................... 15 1 5 1 16-4
6 m onths, 30% r.h. 60-68°F ................ 18 14-4 15-1
6 m onths, 70% r.h ., 70°F ... 18 14-4 1 7 0
(34) Effect of Storage (See Table V)
A number of circles were cut from a commercially tanned 
chrome woolskin. Half were treated with 2\%  each of poly­
ethylene glycol and glucose (applied as 50% of the pelt weight 
of . 5% +  5% solution) and the other control half with water. 
After drying, one third were measured for grain crackiness 
immediately, one third were stored at 30% r.h. and 60-68 °F, 
and one third at 70% r.h. and 70°F, for 6 months, and re­
examined. The treated samples were all less cracky than the 
corresponding untreated ones though the differences were small 
and only significant at the 5% level after storage at 70% r.h. 
The deterioration shown after storage at 30% r.h. was significant 
for both treated and untreated samples. The deterioration shown 
by the untreated samples at 70% r.h. was significant just above 
the 5% level, whilst the improvement shown by the treated 
samples at the same humidity was significant below the 5 % 
level.
(ii) F a c t o r s  I n f l u e n c in g  H a r d  C r a c k
In general cracky skins tend to crack suddenly with a 
perceptible noise whereas with non-cracky skins the grain opens
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up slowly and the crack cannot be heard. These two types of 
crack may be designated “hard” and “soft” crack respectively. 
In Expt. IV the four skins used had more or less the same 
average crackiness (see Table I) but skin I showed a marked in­
cidence of hard crack, skin 2 a smaller incidence, skin 3 a very 
little, and skin 4 none at all. In addition three processing factors 
caused a pronounced disposition to cause hard crack. These were 
mordanting with dichromate in conjunction with peroxide in the 
dyeing, and treatment of the grain with formaldehyde, all factors 
which in themselves dispose the leather to crackiness.
(iii)  F a c t o r s  I n f l u e n c in g  S o f t n e s s
Differences between skins in the same experiment were 
often apparent, particularly in Expts. I and II when two types of 
skins were used. The domestic skins gave firmer leather than 
the dried Australian, and the dried Australian firmer than the 
dry-salted Capes. Degreasing invariably resulted in a firmer 
leather.
The temperature of the 2nd stoving influenced softness, the 
higher temperature giving the firmer leather (Expts. II, IX  A, 
IX  B), as also did ironing at a low moisture content (Expt. VII). 
Both these effects have probably the same cause, the increased 
sticking of the fibres at low moisture content which is not reversed 
on subsequent humidification.
The use of dyes and syntans had a variable effect, some 
softening and some hardening the leather, whilst some were 
without influence. Those giving a softer leather were a para- 
phenylenediamine type dye, Acid Leather Orange G, Procion 
Blue 3GS, Sellamol DT, and Lissatan AC. Those giving a firmer 
leather were Cibacet Scarlet 2BS, Cibalan Yellow, Parvol PLN 
and Hansa D. (Expts. V, VI, VII, IX  A, IX  B).
Rather unexpectedly, more vigorous scouring conditions of the 
raw skin led to a harder leather (Expts. IX  A, B). The more 
vigorous scouring comprised the use of a detergent compared with 
no detergent (i.e. plain water), mechanical action and a higher 
scouring temperature (113°F as against 86°F).
III. DISCU SSIO N
The following 13 factors were found to have a significant 
influence on grain crackiness within the experimental limits tested. 
The extent of the limits was in many cases greater than would 
occur in practice and consequently the effect produced was more 
emphasized. This fact must be borne in mind in applying these 
results to works production.
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1. Nature of the Raw Material This was by far the most 
important factor. The biggest difference was between skins of 
different type, e.g. wet-salted domestics and dried Australians, but 
big differences were also observed between skins of the same type 
in the same experiment, differences which were in many cases 
larger than achieved by wide variation in processing variables (see 
Table I). In Expt. IV the four skins ranged from 5-7  to 12 0 kg, 
and in Expt. IX  the eight skins ranged from 6-2  to 11 <5 kg. With 
large packs of skins even wider ranges in values would be 
anticipated. It is well recognized that some types of skins give 
less cracky leathers than other types. A tanner who is dressing 
potentially cracky skins can adjust his processing to some extent 
but is still liable to be faced with a proportion of very cracky 
skins. It would be highly desirable to be able to sort the raw 
skins and discard the worst for fellmongering or at least for 
processing under the least detrimental conditions for particular 
types of production, but a method of estimating crack potential 
in the raw skin could only be found by lengthy trials at the 
dressing yard.
No evidence was obtained that the breech area was more 
cracky or the belly area less cracky than the remainder of the 
skins as indicated by Innes. Woolskin dressers themselves usually 
regard the breach area as the most cracky. One difference between 
normal works processing and the method used in this work is that 
in the latter individual pieces 4 \  X  3 in. were nailed out instead 
of a whole skin round its periphery. When a whole skin dries 
under tension some areas can contract at the expense of other 
areas that are stretched, and this could conceivably lead to 
differences in crackiness. However, when a single skin as 
received from a dresser was tested over the whole of its area, 
although considerable variations were obtained between adjacent 
sampling positions, no one area was found to be more or less 
cracky than the remainder.
2. Type of Fat-Liquor. Low sulphonated oils were found 
to give slightly superior results to high sulphonated oils.
3. Concentration of Fat-Liquor. A higher level of fat-liquor 
gave a less cracky leather irrespective of whether the leather was 
degreased or not. The fat-liquor presumably acts by diffusing to 
the grain and reducing the tendency of the fibres to stick on 
drying. It is usually desirable to keep the fat-liquor to a minimum 
to cut down cost and (with undegreased leathers only) weight. 
A higher than normal level of fat-liquor may be justified for skins 
which are potentially crackv-
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4. Degreasing. This caused a pronounced increase in 
crackiness but is a necessary operation for shoe lining skins which 
usually have to conform to a limit of 8 % extractable grease. With 
potentially cracky skins care should be taken not to degrease too 
drastically.
5. Type of Oil used for Re-Oiling. The advantage of de­
greasing and re-oiling is to replace the natural grease and the 
fat-liquor with a lower level of evenly distributed oil. The 
weight and greasy feel associated with the former are avoided 
and the re-oiling compensates for the crackiness induced by de­
greasing. Although on a weight basis mineral oil was superior to 
the other oils used, and is also considerably cheaper, it suffers 
from the disadvantage of not being fixed to the leather fibres 
and is liable to migrate and stain fabrics with which the woolskin 
is in contact. Glyceride oil proved markedly inferior, whilst 
various sulphonated oils were similar to each other.
The effect of concentration of oil added was not investigated 
in detail as it can be assumed that up to a limit the higher the 
level of oil the less cracky will be the leather.
6. Presence of Salt. Crackiness was reduced by the presence 
of salt in the leather. There is little advantage in leaving in or 
incorporating more than 2% on the shaved leather weight. Where 
a limit is proscribed as in the shoe lining specification (1% 
maximum) it is advisable with potentially cracky skins to work 
as close to the limit as is practicable.
The mode of action of the salt has not been investigated but 
it seems likely that it is acting as a fibre lubricant in a similar 
manner to a fat-liquor. Another possibility is that it raises the 
equilibrium moisture content of the leather, i.e. acts as a humec­
tant, though a pure, non-hygroscopic form was used in these 
experiments.
7. Presence of Humectants. Certain additives such as 
glucose and polyethylene glycol, particularly in admixture, were 
found to reduce crackiness. M itton'2) and Sykes and Williams- 
W ynn(3) showed that polyethylene glycol increased the grain 
strength and extensibility of shoe upper leathers and attributed 
its effects to its hygroscopicity. It remains, however, to be proved 
that they do increase the moisture content of the leather at a given 
humidity, and it may be that they act simply as fibre lubricants. 
With potentially cracky leather the incorporation of 2-5% each 
of a mixture of glucose and polyethylene glycol should prove 
beneficial but it is questioned whether the upgrading achieved 
would justify the cost. Whilst these materials are less effective
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and more expensive than salt or oil they are not subject to any 
specification limits.
Sykes and Williams-Wynn(3) found that the effect of these 
humectants on chrome retan leather was not permanent and was 
lost altogether after 6 months’ storage at 15% r.h. The present 
work has shown that increase in crackiness is not prevented by 
humectant when the skins are stored at 30% r.h., but is when 
the skins are stored at 70% r.h.
8. Mordanting. When the skins were dyed with an oxidation 
dye incorporating hydrogen peroxide, potassium dichromate was 
very detrimental. Copper sulphate and ferrous sulphate on the 
other hand had no effect, nor did potassium dichromate when 
not followed by hydrogen peroxide. The only explanation which 
can be offered for these differences is that hydrogen peroxide 
reduces the dichromate to chromic salts which cause overtannage 
of the grain.
9. Dyestuff. Some dyes were found to reduce crackiness, 
others to increase crackiness, whilst the majority investigated had 
no influence. In order to have an effect, complete penetration 
to the grain was necessary as would be expected. A number of 
colourless syntans were examined but none was found to reduce 
crackiness.
10. Hydrogen Peroxide. This was found very conducive to 
grain crackiness though the effect was mitigated to some extent by 
the oxidation dyestuff.
11. Second Stoving Temperature. Higher stoving tempera­
tures caused increased crackiness. Although it was not proved, 
the effect would be expected to be greater with degreased than 
undegreased skins, the degreased fibres having more opportunity 
to stick.
12. Formaldehyde. Application of formaldehyde to the 
grain was extremely detrimental. Care should be taken when 
spraying the wool to apply a minimum quantity. Even if the grain 
surface is not actually wet by the formaldehyde solution during 
spraying, the formaldehyde will be vaporized during the sub­
sequent ironing and be likely to contaminate the grain.
13. Ironing. Ironing, by itself, proved detrimental in only 
two experiments out of five and the effect is probably determined 
by the moisture content of the skin. Ironing at a higher moisture 
content gave a crackier leather than ironing at a lower moisture 
content. As mentioned above, ironing will be much more 
detrimental if the wool has been treated with formaldehyde.
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For convenience the 14 factors investigated which did not 
influence grain crack are listed below.
Position in the skin 
Soaking conditions
Scouring conditions (agent, temperature and mechanical action)
Swelling prior to tannage
Pickling conditions (acid and concentration)
Com bination tannage with aluminium
Initial pH o f tannage
Chrome offered and degree o f tannage
Neutralization after tannage
First stoving temperature and rate o f drying
Mordanting pH
Treatment with hypochlorite after tannage 
Treatment o f grain with form ic acid 
Order o f dyeing and ironing
The softness of the leather was affected by processing con­
ditions independently of grain crackiness. Again there were con­
siderable differences between individual skins. The following 
factors produced a harder leather:
Vigorous scouring conditions 
Degreasing ?
Som e dyes and syntans
Higher second stoving temperature
Some dyes and syntans resulted in a softer leather.
These results apply to full chrome and chrome-alum com­
bination-tanned woolskins and it would require further work to 
check their applicability to alum-salt and vegetable-tanned skins. 
The presence of the salt and vegetable tannin in these skins may 
well have a considerable buffering action against many adverse 
factors. Furthermore the problem of grain crackiness is much less 
important with these types of skins. The majority are either 
domestic skins which do not give grain crack trouble or are used 
for gloving or other clothing which has not to be lasted and is not 
subject to appreciable stretching in wear.
The Research Association is indebted to Messrs. Columbia 
Fur Dressers and Dyers, Ltd., who provided the skins for these 
experiments.
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Studies on Chamois Tannage—I.
Factors in Tannage Influencing Microbiological
Stability
By G. H. Green
SYNOPSIS
The influence o f various processing factors on the rot- 
resistance o f  chamois leather has been investigated using, 
in the main, a  laboratory tannage in which the oil was 
introduced into acetone-dehydrated pickled pelt. The 
follow ing variables were found to influence rot- 
resistance: moisture content during stoving, duration o f 
stoving, pH  o f pelt prior to oiling, acid value o f oil, dry­
ing out after stoving, soda ash treatment, and aldehyde 
pre- and post-tannage. W ithout appreciable effect were 
the proportion o f  oil to pelt (within normal limits) and 
the temperature o f stoving. The results have been inter­
preted in regard to works practice which differs consider­
ably in  som e respects, from  the experimental conditions 
used. ’■
: \  CONTENTS
INTRODUCTION
I. EXPERIMENTAL
(i) Laboratory Assessment of Rot-Resistance
(ii) Laboratory Tannage of Chamois Leather
II. RESULTS AND DISCUSSION OF FACTORS INFLUENCING 
TENDERING DURING WET INCUBATION
(i) Moisture content during stoving
(ii) Proportion of oil to pelt
(iii) Duration of stoving in the presence of moisture
(iv) Temperature of stoving
(v) Drying out after stoving
(vi) pH of pelt prior to oiling '
(vii) Type of oil
(viii) Soda ash treatment
(ix) Pre- and post-tannage with aldehydes
INTRODUCTION
There is a substantial literature on chamois leather tannage, 
but if quality of the leather is referred to, it is invariably of crust 
leather. There is only one mention1^  of differences in microbio-
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logical stability and no attempt was made to correlate these with 
other properties of the leathers. I t has been shown by Green and 
Pankhurst(2) that the conditions of tise may play an important part 
in deterioration, but the deterioration ascribed to detergents 
appeared to be independent of the resistance of the leather to 
microbiological attack. Similar conclusions were reached by Green(3) 
who reported that the behaviour of leathers used for washing cars 
was related to their conditions of use rather than to their per­
formance in a laboratory rot-resistance test.
Three types of deterioration of chamois leather can be recog- 
~nised: firstly a hardening or stiffening, secondly tendering, and 
thirdly the development of holes. A leather which is tender in the 
wet state usually driesi out hard and then does not re-absorb water 
satisfactorily: this condition is readily produced in the laboratory 
by bacterial attack. Holes can be produced by either mechanical, 
or bacterial agency. Mechanical damage may be due simply to 
wear but is likely to be accelerated if the leather has tendered or 
dried out hard.
I. EXPERIMENTAL
( i)  L a b o r a t o r y  A s s e s s m e n t  o f  R o t - R e s is t a n c e
Microbiological stability tests are usually protracted, the time 
being minimised by using the optimum conditions for growth of 
the micro-organisms, i.e. temperature, humidity, etc. The test de­
vised by Booth and M ayer^  involving incubation of the damp 
leather at 45 °C gives results within a week or two but this tem­
perature is considerably higher than would occur in practice and 
the microbiological flora may not be the sam e: in particular, 
mould growth would be severely checked at 45°. A temperature 
of 26.5°C was selected as allowing growth of a much more diverse 
flora including moulds, though in consequence the test was more 
protracted. A considerable increase in rate of attack was achieved 
by introducing a trace of phosphate. Adjustment to a neutral pH 
is necessary with acid leathers. Under these conditions some lea­
thers will survive six months with no sign of tendering, whereas 
others tender within a week and are completely rotted within two or 
three weeks. A test of this nature cannot be standardised as it 
depends on the operator’s judgement of degree of tendering. It 
was, however, very well suited to the present work where relatively 
small pieces of leather were being tested and the same operator 
carried out all the tests. v
The test piece about 3 in. square was soaked overnight Tn 
M /45 phosphate buffer, pH 7.4, squeezed out lightly, immersed 
for 10 seconds in a suspension of damp soil in water (two1 salt- 
spoonsful per 1.), again squeezed out lightly and incubated in a 
glass-stoppered bottle at 26.5°. It was examined for tendering at
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weekly intervals for 6 weeks, then 2-3 weekly intervals for a total 
of 26 weeks if necessary. Assessments were made as follows:
T Slightly tender: could be torn with moderate effort, 
insufficient to tear leather at start of test.
TT Moderately tender: readily torn at edge.
TTT Very tender: readily pulled into; holes, unsuitable for 
use.
The pH  to which the leather was adjusted before the test made 
no difference to the rate of tendering (limits tested pH  6.8-9.2). 
The moisture content during the test did have an influence, samples 
squeezed out thoroughly tendering slightly more rapidly than cor­
responding ones left very wet. This may be connected with pre­
ferential mould growth on the drier leather which developed a 
musty smell within a week whereas the wet leather did not, though 
both eventually showed visible signs of mould growth.
In addition to tendering, holes were sometimes observed, par­
ticularly on leathers incubated not too wet. These were frequently 
associated with growth of a grey filamentous yeast round the edges 
and were confined almost exclusively to commercially produced 
chamois leather.
( i i)  L a b o r a t o r y  T a n n a g e  o f  C h a m o is  L e a t h e r
Pickled lamb fleshes were depickled to pH  5 with sodium 
acetate and salt, the salt washed out and the fleshes dehydrated 
with acetone which simultaneously removed the bulk of the grease.
The required amount of cod oil was introduced into a piece 
of dehydrated pelt 4 in. x 3 in., either alone, or in solution in 
light petroleum in which case the solvent was removed by airing 
off for 10 minutes in a warm atmosphere. •"
Stoving was carried out by suspending the oiled pelt over 
water or salt solution to control the humidity, in a closed battery 
jar or desiccator, and incubating for the required time. In early 
experiments differences in rot-resistance were observed between 
parts of the leather that had been closest and farthest away from 
the water surface in the stove, the latter tendering more quickly. 
This could be attributed to  a differential uptake of water vapour 
by the pelt as the oil was oxidising, and to avoid this the pelt was 
humidified in an atmosphere of nitrogen for 24 hours at 50° or
3-4 days at room temperature before admitting air. The air was 
changed two or three times during the subsequent stoving at 50° 
for 24 h.
The stoved pelt, either direct from the stove or after drying 
at 50°, was treated with 1% sodium carbonate solution by shaking 
for 1 h and standing immersed overnight, the residual liquor being 
alkaline. It was then squeezed out by hand and shaken for 1 h 
with two lots of 0.5% soap solution, and finally dried at 26.5°. In
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later experiments the soap treatment was omitted, the leather 
being rinsed thoroughly with water until all free alkali was re­
moved.
II. RESULTS A N D  D ISC U SSIO N  OF FA C T O R S IN F L U E N C IN G  
T E N D E R IN G  D U R IN G  W ET IN C U B A T IO N
(i)  M o is t u r e  C o n t e n t  D u r in g  S t o v in g
Pieces of oiled pelt were stoved at a series of moisture con­
tents attained by humidifying and stoving over water or various 
saturated salt solutions. The moisture content after stoving was 
determined from the weights of the original pelt and the oiled 
pelt before and after stoving.
Pelt stoved in a dry atmosphere felt sticky, and after wetting 
had a pelty appearance. After soda ash treatment it dried out hard 
and horny. The sticky feel may be due to the formation of hydroxy 
acids which according to Sagoschen and Czepelak(4) require the 
presence of moisture to  break down to aldehydes. The smell of 
acrolein which developed during stoving decreased with decreas­
ing moisture content and was barely detectable in the dry stove. 
Pelt stoved at 15-19% moisture (on collagen) (r.h. 50%) gave lea­
ther that dried out harsh and with horny patches, and wet back 
with difficulty. Those leathers stoved with 23 % or more moisture 
(r.h. 75% and above) appeared satisfactory. The shrinkage tem­
peratures and results of rotting tests are given in Table I. The 
shrinkage, temperature tends to rise slightly with increasing mois­
ture content during stoving and the rot-resistance improves.
T a b l e  I
V a r ia t io n  i n  P r o pe r t ie s  o f  C h a m o is  L ea t h e r  
w it h  M o is t u r e  C o n t e n t  D u r i n g  S t o v in g
Expt.
N o.
Skin
N o.
% r.h. 
during 
stoving
% water 
(on 
collagen)
Ts Rotting test : weeks to
T TT TTT H oles
1 1 100 122 62 4 6 > 2 6
2 90 36 61 2 4 6
3 75 23 60 2 2 4
4 50 19 58 1 2 3
2 5 75 23 5 /  5 5 4
6 50 15 5 5 5* 4*
7 10 1 1 1
* Extent o f  damage much greater than with skin N o . 5.
A  second experiment was carried out on oiled skins from a 
tannage which was producing leather of poor resistance to the
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rotting test. Two pickled fleshes after oiling were cut into four 
pieces and treated as follows: —
1. Stoved in laboratory for 24 h at 50° over water, then dried 
out at 27°.
2. Given first stoving in works, dried out at 27° in laboratory.
3. Given first and second stoving in works, then as 2.
4. Taken to crust in works.
Pieces from treatments 1-3 were pressed to remove excess oil, 
treated with soda ash and soap, and finally dried.
- Shrinkage temperatures varied over a 3 ° range with each skin, 
those from treatment 2 being 1° or 2° higher than the others. The 
rotting tests with and without added phosphate (Table II) showed 
that the leathers taken to the crust in the works were least rot- 
resistant and that those stoved in the laboratory were the most rot- 
resistant. There was no significant effect of the second stoving at 
the works. The intermediate position occupied by the leathers 
stoved at the works and soda ashed in the laboratory, suggests 
that the drying or soda ash treatment also plays some part.
These two experiments show that the presence of moisture 
during the oxidation of the oil plays an important part in the 
tannage. Chambard and Michallet(5) reached similar conclusions 
based on the measurement of shrinkage temperature of leathers 
stoved at a series of humidities. Tannage, occurred only if the r.h. 
were 40% or above (or with a fatty acid tannage, at 70% or above). 
M athuF6) also established that tannage did not take place in the 
absence of moisture. I t appears significant that the production of 
acrolein is dependent on the presence of moisture; this suggests 
that acrolein, or related substances, is the tanning agent. Kuntzel 
and Nungessed7) have suggested that acrolein determination in con­
junction with the Mackey test be used to evaluate the chamoising 
power of oils. • . ■
For oxidation to occur, the moisture content of the oiled pelt 
must be reduced. The need to remove a certain amount of water 
before tannage will occur has been pointed out by M athur(6) and 
by Pressley(8). This has been substantiated in Mackey tests in 
which various proportions of water have been incorporated with 
the oil. Addition of 10% water to the oil extended the time re­
quired to reach 100° from 24} to 35 mins., whilst 20% water 
inhibited oxidation completely. It would appear that whilst a cer­
tain amount of water must be removed from the skin to permit 
oxidation to occur, the minimum should be removed in order to 
permit maximum aldehyde formation. Once oxidation is under way 
further drying out should be prevented, i.e. the stoving should be 
carried out at 100% r.h. i
The question arises, what is the critical moisture content to
which the skin must be reduced for oxidation to occur at a rea-\ ,
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sonable rate? The Mackey test figures would indicate not much 
more than 10% on the oil, whereas the experiments on skin showed 
that 122% on the collagen (equivalent to about 88% on the oil) 
was satisfactory. Even allowing for some 14% water fixed by the 
collagen, there is a large discrepancy between the figures derived 
by the two methods, but it is probable that the figure based on 
the .actual skin experiment is the more reliable. In  normal prac- 
ice a complication arises due to the inhibition of oxidation by 
skin grease which is present to a variable extent. This is probably
285
STUDIES ON CHAMOIS TANNAGE— I.
the explanation of the difficulty occasionally occurring in drum 
stoving of getting the oxidation to proceed at an adequate rate.
(ii) P r o p o r t i o n  o f  O i l  t o  P e l t
The amount of oil used in chamois tannage is in practice very 
large. Since the laboratory method of introducing oil into acetone- 
dehydrated pelt permits the uniform penetration of small amounts 
of oil, the influence of the quantity of oil introduced on the pro­
perties of the leather was examined. ,
Pieces of dried pelt were oiled with 5, 10, 15, 20, 60, 110 and 
160% cod oil. The colour of the stoved leather progressively 
deepened with increasing amount of oil. After soda ash treat­
ment the pelts with 5-15% oil felt pelty and dried out hard and 
horny. Pelts with 20% oil and above appeared, normal after 
soda ashing and drying, but the stretchiness of the crust leather 
was greater when more oil was used. Opening up of the fibre 
structure increased with the amount of oil used. With only 20% 
oil the fibres remained little split up and the weave pattern was 
compact. 110% oil gave a considerable amount of splitting up and 
reduced the compactness. The fibre structure of the leather dressed 
with 60% oil was intermediate. Samples oiled with 20% oil and 
above all tendered at the same rate in the rotting test (the remainder 
were not tested).
If aldehydes contribute to resistance to rotting then it appears 
that an adequate amount of aldehyde was produced from some 
20% of oil oh the weight of collagen. However, the improvement 
in stretch and opening up resulting from the use of higher propor­
tions of oil indicate that as much as 100% or more oil would 
be required in practice.
(iii) D u r a t i o n  o f  S t o v i n g  in  P r e s e n c e  o f  M o i s t u r e
Pieces of pelt depickled to pH  5 and oiled with 110% oil were 
stoved at 50° for periods of 1, 2, 3 and 6 days. No differences were 
apparent in the leathers until after drying out, when the pieces 
stovedi 3 and 6 days were rather harder than those stoved 1 and 2 
days. The leather stoved for one day had a considerable amount 
of fine splitting and the fibres appeared moderately straight and 
not too compactly interwoven. With longer periods the fibres be­
come progressively coarser, more compactly . interwoven, and lost 
straightness. Rot-resistance decreased slightly with increased dura­
tion of stoving. It is concluded that stoving the damp pelt beyond 
the time required to achieve oxidation of the oil is detrimental.
(iv) T e m p e r a t u r e  o f  S t o v i n g
According to Pressley(8) satisfactory leather is not produced 
if the stoving temperature is below 50°C, although the shrinkage 
temperature may be raised and full colour developed. It is obvious
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from the production of acrolein that oxidation occurs at relatively 
low temperatures. Chambard and Michallet(5> did not specify the 
temperature at which they carried out their laboratory tannage, 
but it would appear from the time required (up to 15 days) that it 
was not elevated.
Experiments were carried out to check whether tannage would 
_ occur at room temperature. Pieces of pelt oiled with 110% oil were 
stoved at 20° for periods of 4 to 25 days. All the leathers appeared 
normal both in colour and handle and had satisfactory rot-resis­
tance, though not better than could be achieved by stoving at 
higher temperatures. The use of low temperatures offers no advant­
age, and would in practice be a serious disadvantage in greatly 
lengthening the process, though this could be overcome by the use 
of accelerators such as cobalt linoleate(8,9).
(v) D r y in g  O u t  A f t e r  St o v in g
Leathers from pelts oiled with 110% oil were treated with 
soda ash with or without prior drying out at 50°. Those which 
had been dried out proved slightly more rot-resistant than those 
not dried out before the soda treatment. In practice the skins 
usually dry out in the stove treatment because the humidity has 
not been maintained at saturation.
(v i) p H  o f  P e l t  P r io r  t o  O il in g
I t  is normal practice to use either delimed or depickled pelt. 
The pH  falls during tannage owing to the formation of acids 
from the oxidising oil. Chambard and Michallet(5) obtained satis­
factory tannage starting with strongly acid pickled pelt and with 
dehydrated pelt at pH  7 and 10-11 (in presence of sodium carbon­
ate) the last finishing at pH  7.2. Klenow(10) considered it desirable 
that the pH  value should start a t above 6 and finish below 5.5. He 
found that oxidation was quicker with pelt delimed to pH  7.5 than 
with limed pelt.
Pieces of dehydrated pelt were immersed in acetate buffer pH 
2, 4 and 6 or borate buffer pH  8 and 10, the buffers ofl lowest and 
highest pH values containing salt to prevent swelling. The pH 
was re-adjusted at intervals until constant and the pelt again de­
hydrated with acetone. The pelts were oiled with 110% oil and 
stoved, etc. as usual. The leather from the pelt at highest pH  was 
slightly darker and stretchier than the remainder. The results' of 
the rotting test are given in Table III and show that the lower the 
pH  during oiling the less was the rot-resistance. The probable 
explanation lies in the increasing reactivity of acrolein towards 
collagen at higher pH(11>12). The practical application of this result 
is discussed below.
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T a b l e  III
I n f l u e n c e  o f  I n it ia l  p H  o f  P el t  o n  
R o t -R esista n c e  o f  th e  L ea th er
pH  value R o tt in g  te st : w eek s to
Buffer
- Pelt 
after 
dehydra­
tion
T TT TTT
2 < 4  * — ____ _
4 4 3 5
6 4 . --- -- ' - ---
8
10
1 5
7.5
oo 7> 2 6
18
(v ii) T y p e  o f  O il
Much has been written on the influence of the reactivity of 
the oil and its effect on the leather^4’9’13-17) but what is involved 
is the rate of oxidation vis a vis the rate of oil penetration(16). The 
following experiment was designed to investigate whether the re­
activity or type of oil per se had any influence under conditions 
which ensured adequate penetration and time for oxidation. Six 
oils ranging in Mackey test figures from 23 to 64 minutes, and 
mixtures of the most reactive oil and a commercial oxidised oil 
(Mackey figure 80 min.) giving Mackey figures between 25 and 66 
min., were used at 110% on the dry pelt weight to-produce a 
set of 11 leathers. Details of the oils used, % free fatty acid, acro­
lein production during stoving, appearance of stoved. leathers, 
shrinkage temperatures and rotting tests are recorded in Tables IV 
and V. The straight oils gave leather with reduced substance the 
lower the reactivity, but no differences were observed with leathers 
prepared from the mixed oils. The colour of the crust leathers was 
normal, the only differences being with the leathers from the two 
least reactive mixed oils, which were somewhat paler. The produc­
tion of acrolein was not related to the reactivity of the oil, though 
there was some correlation between reactivity and the amount of 
acrolein produced after 24 hours in the stove. The shrinkage tem­
perature of the leather was, if anything, higher the lower the re­
activity of the oil. Rot resistance divided the leathers into two distinct 
groups: —those oiled with the four least reactive oils which showed 
excellent resistance and the remainder which showed moderately 
good resistance. The initial acidity of the oil appears to be the 
principal factor governing rot-resistance: the highly rot-resistant 
leathers were all made with oils containing less than 8% free fatty 
acid whereas the less rot-resistant ones were from oils with over 
30% free fatty acid.
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T a b l e  V
I n f l u e n c e  o f  R e a c t iv it y  o f  t h e  O il  o n  
R o t -R e sist a n c e  o f  t h e  L e a t h e r
Oil* TS,°C
Rotting test : weeks to Appearance after rotting 
and drying out
•' ■ T , TT TTT
A 50f 6 8 20 Hard and horny.
B 51t -  4 6 8 Hard and hom y.
C 63 > 2 6 Fairly soft.
D 59 26 > 2 6 Rather hard, a few horny
patches.
. - E 65 > 2 6 Very soft.
F . 71 > 2 6 Very soft.
50% A 50% G 56 5 6 10 Hard and horny.
36% A 64% G 61 8 8 14 Hard and horny.
23%A  77% G 60 6 8 10 Hard and horny.
10%A 90% G 62 8 12 12 Hard and horny. '
4%A  96% G . 65 5 8 10 Hard and horny.
* For key see table IV.
t  Gradual shrinkage starting at this temperature.
A further experiment was carried out on pelt tanned in the 
laboratory with oils ranging in free fatty acid content from 0.2 to 
99%, using these two oils in various proportions. The results are 
shown in Table VI. The shrinkage temperature, with one minor
T a b le  VI
R e l a t io n  b e t w e e n  A c id  V a l u e  o f  O il  a n d  S h r in k a g e  
T e m p e r a t u r e  a n d  R o t -R e sist a n c e  o f  t h e  L e a t h e r
Oil A : Cod liver oil fatty acids. 
.Oil B: Cod liver oil stearine.
Oil
pH  o f oiled 
pelt
Ts o f  
Leather
. °C ■
Rotting test, weeks to
%
A
■ 0/  /o
B
% f.f.a. 
as 
oleic
After
humidi­
fying
After
stoving
V at 25°C. at 40°C.
T TT TTT T TT TTT
100 0 99 6 < 4 55 1 1 - 2 1 1 1*
, 50 50 50 6 4 57 1 1 2 ,3 1 1 1*
30 70 30 6 4 58 2 2 4 1 1 1*
20 80 20 6 4 59 4, > 4 > 4 — 1 1 1*
15 85 15 6 4 61 4, > 4 > 4 — 1 2 2
10 90 10 6 4 62 > 4 -— — I t 2 2 ,3
5 95 5 7 4 65 > 4 • — — > It 1 2
0 100 0-4 7 4 64 > 4 -- — 2 t 3 3
Rotting test carried out in duplicate: duplicate figures given only where they differ from each 
other. Samples marked* showed decreasing degree o f tenderness with decreasing proportion 
o f  Oil A. Samples marked f  developed holes associated with green mould, possibly A.fumigatus.
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exception, fell continuously as the acid value increased, as did also 
the rot-resistance. The initial rather than the final acidity of the 
oil appears more important in controlling the uptake of acrolein 
and the stability of the leather. This is in agreement with the re­
sults obtained above on variation of the pH of the pelt in which 
the more acid pelt gave the less rot-resistant leather.
Various recommendations for % free fatty acid in the oil 
have been made. Meunier and Vaney(18) recommend 20-25%; 
Klenow(9) states that the value should not be less than 10%. 
Czepelak(14) recommends about 15% for best results and not less 
than 7%. Balfe(19) lists 13 cod oils used for tanning which range 
from 1.4-40% free fatty acids. The present results show that oil 
with only 0.2% free fatty acids can also be used, and also oil con­
sisting entirely of free fatty acids. In general the higher the acidity 
the greater the Mackey figure and reactivity of the oil. It would 
appear desirable to choose an oil with a reactivity (Mackey figure) 
such that under the conditions of stocking or drumming the oil 
into the skin, complete penetration is obtained before appreciable 
oxidation occurs, otherwise the interior of the skin will have alde­
hyde-tanned rather than oil-tanned characteristics^6). In view of 
the extremely wide range of conditions used in practice namely 
pH of pelt, presence of excess calcium carbonate, initial moisture 
content and rate of drying out, proportion of oil, temperature, 
mechanical action, it is impossible to make particular recommenda­
tions. It is perhaps significant that of the many commercial pro­
ductions that have been examined, on the whole the highest de­
gree of rot-resistance was from leathers oiled from lime rather 
than from pickle.
(v iii) Sod a  A s h  T r e a t m e n t
The results reported above on the comparison between lea­
thers treated with soda ash in the works and in the laboratory 
indicated that conditions of treatment may influence rot-resistance. 
It has been suggested*:5’20) that the soda ash treatment does not 
completely remove the grease and a complementary tannage occurs 
when the leather is dried. Czepelak(16) also believesi that soda ash 
treatment causes some additional fixation.
Pieces of pelt, dried out after stoving, were subjected to one 
of the following four treatm ents:
1. Free oil removed with alcohol and ether and treated with 
soda ash overnight at 20°.
2. As (1) except soda ash treatment at 45°. - ,
3. Treated with soda ash solution overnight at 20°.
4. As (3) except at 45°.
All pieces were then given two treatments with 0.5% soap solu­
tion and dried out. The four leathers were indistinguishable in
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appearance and handle. The shrinkage temperature after stoving 
(determined at pH 4.8) was 68°. Leathers (1) and (2) had a T s of 
67° and the normal leathers (3) and (4) a T s of 69°. Table V II
T a b l e  V II
I n f l u e n c e  o f  S o d a  A s h  T r e a t m e n t  o n  
R o t -R e sist a n c e  o f  L e a th er
Expt. Treatment
Rotting test: weeks to
T TT TTT
1
Solvent extracted:
Soda ash at 20° 
Soda ash at 40°
6
6
6
6
6
6
Soda ash at 20° 
Soda ash at 40°
> 2 6
4 > 2 6
2
Solvent extracted:
Soda ash at 20° 
Soda ash at 40°
4
.3
4
4
6
6
Soda ash at 20° 
Soda ash at 40°
12
6
18
9
18
9
shows clearly, however, that the soda ash treatment in the pre­
sence of the oxidised oil substantially raises rot-resistance. Soda 
ash treatment at 20° gave somewhat better results than at 40°.
More direct evidence of the tannage which occurs on alkaline 
treatment was obtained by incubating acrolein-tanned leather at 
various pH  values at 50°, either dry or in a wet state over toluene. 
The results (Table VIII) show that dry incubation at pH  3.0-8.0 
or wet incubation at pH 3.0 caused a slight fall in shrinkage
T a b l e  V III
. E ff e c t  o f  D r y  a n d  W et  In c u b a t io n  of  
A c r o l e in  L e a t h e r  o n  S h r in k a g e  T e m p e r a t u r e
Conditions
Shrinkage temperature, 0C
Original 1 day 4 days 11 days
Dry pH  3.0 72 70 — V 67
5.5 72 69 — —
8.0 72 .. 72 . —i 70
Wet pH  3.0 72 70 68 68*
5.5 72 71 74 73*
8.0 72 78 78 76*
* Leather had turned yellow.
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temperature, up to 5°, over 11 days, whereas wet incubation caused 
a marked rise of as much asi 6° in 1 day at pH  8.0 and a some­
what slower and smaller rise at pH 5.5.
( ix )  P r e - a n d  P o s t -T a n n a g e  w i t h  A l d e h y d e s
Various aldehydes have been isolated from oxidised fish oils, 
principally acrolein(21) and glyoxal (22)23), though others have been 
detected(24). It is of interest to determine the rot-resistance of 
straight aldehyde tanned leathers and such leathers retanned with
oil. Pieces of acetone-dehydrated pelt were drummed for 1 hour 
in an 800% float of 2% salt in M /50  acetate buffer (pH 4.8) con­
taining either 2% formaldehyde or 4% acrolein or glyoxal (on 
pelt weight). Sodium bicarbonate was added to raise the pH  to 
9.0, drumming continued for 3 hours, and after a further 18 hour 
immersion without drumming the leather was removed and dried. 
The final pH  of the liquor was not below 7.0. Pieces of the alde­
hyde tanned leathers were retanned with oil under the same 
conditions as used for pelt.
The appearance and rot-resistance of the leathers are given 
in Table IX. All were highly rot-resistant with the exception of 
one straight formaldehyde leather which broke down after 10 
weeks’ incubation, and one glyoxal-oil combination leather which 
was very weak in the first place.
T able  IX
P r o pe r t ie s  o f  A l d e h y d e  a n d  A l d e h y d e -O il  ' 
C o m b in a t io n  L e a t h e r s
Expt. Tannage Appearance Te
Rotting test, 
weeks to
T TT TTT
1 Formaldehyde Fairly soft 81 10 10 10*
Formaldehyde
Formaldehyde-oil
Fairly soft 
Fairly soft 66
26
> 2 6
26 26
Acrolein Rather stiff 73 > 2 6 — —  ,
Acrolein-oil Fairly soft 68 > 2 6 ■ — —
Glyoxal Rather stiff 76 > 2 6 — —
G lyoxal-oil. Like blotting paper, 
tender.
54 1 2 > 2 6
Glyoxal-oil Like blotting paper, 
strong.
59 > 2 6
2 Formaldehyde Fairly soft _ > 2 6 ____ ___ _
Formaldehyde-oil Fairly soft — > 2 6 ■ — —
Acrolein Rather stiff — > 2 6 — —
Acrolein-oil Fairly soft — > 2 6 .— —
G lyoxal Rather stiff — > 2 6 — —
G lyoxal-oil Like blotting paper, 
strong.
> 2 6
* Peppered with small holes after 5 weeks.
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T a b l e  x
I n f l u e n c e  o f  A l d e h y d e  R e t a n n a g e  o n  R o t - R e s is t a n c e
Conditions Aldehyde Ts
Rotting test: weeks to
T T T TTT
Laboratory — 54 1 1 2
Form alde­ 1
hyde 73 6 ~ 8 19
Acrolein ' 55 1 2 2 ■
Works ' — 61 2 2 3
Form alde­
hyde 73 2 3 3
In view of these results it appeared logical to investigate the 
possibility of improving the rot-resistance of oil tanned leather by 
retannage with aldehydes. Poorly rot-resistant commercial chamois 
leather was retanned with formaldehyde and with acrolein under 
' similar conditions to the tannage of pelt, using 1 % formaldehyde 
(uptake 0.26% HCHO) or 0.8% acrolein on the leather weight. 
A  similar experiment was carried out with formaldehyde on a 
works scale. The results given in Table X  show that formaldehyde 
retannage causes a marked increase in shrinkage temperature and 
can give a pronounced, but not reproducible, increase in rot- 
resistance. '
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Studies on Chamois Tannage—II.
Investigations on the Influence of Conditions 
of Use on Deterioration and on Laboratory Methods 
for Evaluating Rot-Resistance
By G. H. Green
SUMMARY
Repetition o f previous washing testsC2) has shown that 
deterioration o f cham ois leather during repeated washing 
and drying is due to bacterial attack. The deleterious 
action o f  certain detergents is due to their acting as 
stimulants for bacterial growth. Conversely, soap, an 
anionic detergent and borax retard deterioration by act­
ing as antiseptics. T he earlier recom m endations as to the  
care o f cham ois leather during use are confirmed. T her­
m al shrinkage causes both o il and aldehyde tanned 
leather to lose their rot-resistance.
Comparisons m ade on a number o f leathers have 
shown little correlation between deterioration induced 
by repeated washing and drying, and rotting under 
various conditions.
M ethods o f  assessing rot-resistance based on shrinkage 
temperature and resistance to tryptic digestion gave a  
m oderate degree o f correlation but there were too many 
serious exceptions to a llow  these m ethods to. be used. 
N o  success was achieved in attempts to  determine com ­
bined aldehydes or their deterioration.
D am p incubation under conditions preventing m icro­
biological attack resulted in a very slow  fall in strength 
which can be neglected in a rotting test. Thermal 
shrinkage rendered otherwise rot-resistant leathers com ­
pletely non-resistant.
A  number o f species o f  proteolytic bacteria, m oulds 
and yeasts have been isolated from  rot-tested chamois. 
N o  particular species o f bacteria seems to be involved  
in general rotting.
CONTENTS
INTRODUCTION
I. EXPERIMENTAL METHODS
II. CONDITIONS OF USE AFFECTING DETERIORATION AS 
MEASURED BY WATER-ABSORPTION AND STRENGTH.
(i) Influence of treatment with metallic soaps and retannage with 
Immergan on behaviour on repeated washing. _
(ii) Influence of washing and drying conditions on deterioration.
(iii) Further washing experiments with soap, synthetic wetting agent 
and an antiseptic.
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(iv) The influence of temperature on rotting.
(v) Comparison of washing test with semi-quantitative and quantita­
tive rotting tests.
(vi) Influence of damp incubation on strength.
(vii) Effect of thermal shrinkage on strength.
HI. LABORATORY TESTS FOR ASSESSING ROT-RESISTANCE.
(i) Shrinkage temperature.
(ii) Resistance to tryptic digestion.
(iii) Bacterial digestion in phosphate buffer. ;
(iv) Determination of combined oil.
(v) Determination of aldehydes.
IV. THE ISOLATION OF MICRO-ORGANISMS ASSOCIATED WITH 
ROTTING LEATHER.
INTRODUCTION
There is a vast difference in the way apparently well-tanned 
chamois leathers may resist bacterial attack in use. Such differen­
ces cannot be predicted from the appearance and feel of the 
leathers; shrinkage temperature, as will be shown, is not a reliable 
guide, and the fixed oil content is very low and difficult to 
determine.
Apart from the conditions of tannage which may affect rot- 
resistance (Part I)(1) the conditions of use have been found also to 
profoundly affect the behaviour of the leather^2’3) and on the basis 
of these results recommendations were made^2) on the best way of 
treating chamois leather in use. The object of the present work 
was to establish the role played by detergents, and by other factors 
such as heat treatment, in deterioration in use. In the chamois 
wear trials(3) the majority of the leathers were discarded as unfit 
for use owing to reduced water absorption rather than loss in 
strength though the latter was also evident. In a number of experi­
ments the effect of various treatments on water absorption has been 
measured.
I. EXPERIMENTAL METHODS
(i) Rot-Resistance: Semi-Quantitative Test.
This was carried out as described in Part I(1).
(ii) Rot-Resistance: Quantitative Test.
The buckle tear strength was measured by the S.L.T.C. 
Official M ethod^ except that the speed was reduced to 10 in./min. 
The strength was determined initially and again either at intervals 
during or at the end of the test. Results have been recorded as 
percentage of initial strength.
(iii) Water Absorption.
Pieces of leather 2 in. square were weighed, suspended in dis­
tilled water at 17-23° for exactly 3 minutes, drained for exactly 
2 minutes and reweighed.
% water absorption =  soaked w t.-  orig. wt. x 100
orig. wt.
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(iv) Trypsin Digestion.
As a result of trials with various temperatures, enzyme con­
centrations, times, and ratio of leather to enzyme solution, the 
following method was adopted as giving a wide range of results 
with a comparatively short digestion period.
(a) Nitrogen determination. A  representative portion of lea­
ther was cut up into squares about 5 cm. and nitrogen determined 
in triplicate on approx. 100 mg portions by the micro-Kjeldahl 
method; or alternatively it was cut up into about 2 mm. squares 
and a micro-Kjeldahl determination carried out on 10 mg. por­
tions. Nitrogen was converted into skin substance by multiplying 
by 5.38. '
(b) Enzym e solution. A  solution of trypsin (B.D.H.) activity 
1250 G.U. in M /45 phosphate buffer pH 8.0 was used. The activity 
of the trypsin was determined by the gelatin viscosity reduction 
method of Green(5) and expressed in gelatinase units (G.U.).
(c) Digestion. Duplicate portions of the leather cut into 5 
mm. squares, containing approx. 28 mg. N  (150 mg. skin sub­
stance) were weighed accurately into stoppered 6 x f  in. test tubes, 
and 1.0 ml. enzyme solution per 10 mg. skin substance added. 
The tubes were placed on a mechanical shaker in a thermostat 
bath at 50° and rotated in an  axial plane at 30 r.p.m. for 3 hours. 
After cooling, the digest liquor was filtered and nitrogen deter­
mined by micro-Kjeldahl on suitable aliquots of the filtrate. The 
results were calculated as percentage digestion.
II. CONDITIONS OF USE AFFECTING DETERIORATION AS 
MEASURED BY WATER ABSORPTION AND STRENGTH.
(i) I n f l u e n c e  o f  T r e a t m e n t  w it h  M e t a l l ic  S o a p s  a n d  R e t a n ­
n a g e  w i t h  I m m e r g a n  o n  B e h a v io u r  o n  R e p e a t e d  W a s h in g . 
This experiment aimed at confirming some of the results ob­
tained in previous washing tests ,(2) using water absorption rather 
than strength as the main criterion of deterioration, and at the 
same time examining the effects of various pretreatments on pre­
venting this deterioration.
Pieces of crust full oil chamois leather 2 in. square from a 
commercial production were cut from the central area of a skin 
and four pieces given one of the following four pretreatments:
(a) Control. Shaken with 1% soap solution foT 1 h, squeezed out 
and dried overnight at 26°C in a constant temperature room.*
(b) Calcium soap. After treatment with soap as (a), immersed in 
a 1% solution of calcium acetate, squeezed out and dried.
(c) Aluminium soap. As (b) except with aluminium sulphate.
* All leathers were dried out under these conditions unless otherwise stated.
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(d) Immergan (aliphatic sulphonyl chloride). Degreased with three 
changes of acetone, acetone squeezed out, impregnated with 
40% Immergan on orig. w t, residual acetone allowed to 
evaporate, impregnated with 100% of 15% sodium carbonate 
solution, incubated overnight in closed bottle at 40 °C, dried 
at 40°C for 2 h and heated to 50°C for \  h.
The four pieces from each pre-treatment were given a series 
of washes consisting of shaking for \  h in 1,000% float of distilled 
water with 2% sodium hexametaphosphate solution, or 1% anionic 
detergent solution followed by drying. A  fresh liquor was used for 
each wash. After the washing treatment, some of the pieces were 
rotted for 8 days at 26°C.
The initial water absorption of the leather averaged 460%. 
This was raised to 500% by the soap treatment and to 480% by 
the Immergan. The calcium soap reduced the water absorption 
to 245%, whilst the aluminium soap reduced it to 40%. These 
latter were not tested further. All the remainder were given a 
series of 25 washes in water. After 4 washes the water absorption 
of the controls had reverted to its original value and suffered no 
further change. The calcium soap-treated leather had its water 
absorption almost restored after only one wash and was normal 
after 16 washes. The Immergan-treated leather gradually deterio­
rated after 4 washes and after 25 washes had an average absorp­
tion of 315%. Two pieces of each pre-treatment were now given 
9 washes in sodium hexametaphosphate solution followed by 9 
washes in anionic detergent solution, again causing no loss iij,, 
water absorption in any case, and actually restoring the absorption 
of the Immergan-treated leather to its original value. The other two 
pieces were rotted at 25 °C for one wash- and had a uniform absorp- 
tion of 320% i.e. the Immergan-treated leathers were unaffected 
whereas the others suffered a sharp drop.
Treatment of the leather with calcium and aluminium soaps 
gave it a distinctly rougher feel, particularly with the calcium soap, 
but this effect with the calcium soap disappeared after one wash. 
The washing presumably removed the bulk of the calcium soap 
which also restored the water absorption. After a total of 43 washes 
the leathers retained a high degree of softness and stretchiness, had 
. good strength, and were only slightly inferior to the original un­
treated leather. After rotting, however, they became hard and very 
tender. The original leather given no pre-treatment but merely 
rinsed in water, and rotted for comparison also became hard and 
tender, but to a somewhat less degree than the washed leathers. 
Three of the pieces given 43 washes together with a piece of origi­
nal leather were treated with two lots of 1 % soap solution, dried • 
and subjected to the rotting test.'The extent of deterioration was 
much less than with the respective leathers not treated with soap.
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The washed leathers were a good colour but slightly hard and 
tender. The original leather was slightly dark and somewhat harder.
These results do not confirm those obtained previously(2) in 
which repeated washing with water alone, with phosphate or non­
ionic detergent, was damaging. There were, however, two dif­
ferences in technique which could account for this. Firstly, in the 
earlier experiment each wash liquor was used three times and kept 
at 26 °C between treatments, and in many cases a putrefactive 
odour was apparent at the end of three days. Secondly, the leathers 
were dried at 40°C in a  very restricted circulation so that the rate 
of drying was probably considerably slower than at 26 °C with 
free air circulation. Both these circumstances would encourage 
bacterial growth on the leather. The reduced deterioration by rot­
ting consequent on treating the leathers with soap indicates that 
the soap is inhibiting bacterial attack to some extent.
( i i)  I n f l u e n c e  o f  W a s h in g  a n d  D r y in g  C o n d it io n s  o n  
D e t e r io r a t io n
To check the suggestion that differences in washing and dry­
ing conditions were the cause of the discrepancy between the pre­
sent and earlier results the following experiment was carried out.
Pieces of full oil chamois 7 x 1 ^  in. from 8 different produc­
tions were given one of the following 8 treatments on 25 consecu­
tive days (excluding week-ends).
(a) Shaken for ^ h in distilled water at room temperature, dried 
at 26° C with free air circulation.
(b) As (a), using tap water.
(c) As (a), drying at 40°C with restricted air circulation.
(d) As (c), using tap water.
(e) Immersed for 2 h in distilled water at 26 °C, dried at 26 °C 
with free air circulation.
(f) As (e), using tap water.
(g) As (e), drying at 40° C with restricted air circulation.
(h) As (g), using tap water.
For treatments (a)-(d) fresh water was used for each wash; for
treatments (e )- (h )  the water was changed every third wash, being 
kept at 26° C between washes.
The buckle tear strength of each piece was measured initially 
and at the end of 25 washes. The results given in Table I show 
that treatment (a) (distilled water) produced little or no loss in 
strength, and that treatment (h) (tapwater) was highly deleterious. 
Drying at 40° C with restricted air circulation was worse than dry­
ing at 26 °C in free air, washing with tap water was worse than 
with distilled water, and the longer immersion time and re-use of 
the water were also detrimental. (N.B. Although different leathers 
were used for (a)-(d) and for (e)-(h), they were from the same pro­
ductions and could be assumed to reasonably similar). The apparent
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increase in strength of some leathers after washing is referred to 
below.
T a b l e  I
I n f l u e n c e  o f  R e p e a t e d  W a s h in g  a n d  D r y in g  u n d e r  
V a r io u s  C o n d it io n s  o n  L o s s  in  . S t r e n g t h
Buckle tear strength, % of original.
* For key see p. 299. 1
Production
Treatment*
(a) (b) . ■ ( c ) (d)
1 66 60 50 40
2 81 81 83 76
3 78 83 . 103 28
4 78 109 125 18
5 124 122 77 54
6 116 84 72 '' 72
7 109 109 65 35
8 117 108 136 15
M ean 96 94 89 42
Treatment*
Production
(e) (f) (g) (h)
1 85 , 51 68 58
2 78 72 103 28
3 67 ■, 73 39 40
4 101 68 25 0
5 76 80 80 53
6 53 63 63 29
7 88 81 ' 55 50
8 92 111 125 90
M ean 80 75 70 44
To ascertain whether the removal of soap during the washing 
had any deleterious action, the pieces from treatment (b) were 
treated with two lots of 1 % soap solution, squeezed out by hand 
and dried. This raised the average strength from 94% to 97% of 
the original. This, in conjunction with the results of Experiment I, 
indicates that the residual soap in chamois leather contributes little 
or nothing to its strength. The effect on rotting, however, 
was much more pronounced and further evidence was provided 
by rotting (8 days at 26°C), the original leathers 1-8, the same 
leathers after treatment (a), and the same leathers after treatment
(b) and re-soaping. The average final strengths were respectively 
96%, 37% and 64% of the original. The washing treatment (a) 
has not in itself reduced the strength but it has rendered the lea­
ther very susceptible to subsequent rotting, and this has been parti­
ally counteracted by re-soaping.
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After washing by treatment (a) the shrinkage temperatures 
showed a fall of 1-5 °C, but there was no obvious relation between 
the extent of the fall and rot-resistance as measured by the treat­
ment (h).
( iii)  F u r t h e r  W a s h in g  E x p e r im e n t s  w i t h  S o a p , S y n t h e t ic  
W e t t in g  A g e n t  a n d  A n t is e p t ic  .
Full oil leathers from four productions were given 25 washes 
under conditions (h) above, using the following wash liquors: 
tap water, 0.2% soap solution, 0.2% cationic wetting agent, 0.2% 
borax. The initial and final strengths were determined and the per­
centage of the initial recorded in Table II. There was no significant 
difference between the soap, anionic wetting agent and borax treat­
ments all of which caused negligible deterioration (the figure for 
the soap treatment of leather No. 1 appears abnormally low), 
whereas plain water was distinctly detrimental. This confirms pre­
vious results which indicate that the inhibitory action of soap is 
due to its mild antiseptic power. The anionic wetting agent, the 
same as used previously^ also has some antiseptic power.
T a b l e  II
I n f l u e n c e  o f  W a s h in g  w i t h - S o a p , S y n t h e t ic  W e t t in g  
A g e n t  a n d  A n t is e p t ic
Percentage residual strengths after rotting 7 days.
Treatment
Leather
1 2 3 4 M ean
Tap water 38 103 85 58 71
Soap 0.2% 49 ' 132 ' 105 96 96
Anionic wetting , i
agent, 0 .2 % 80 141 75 88 96
Borax, 0.2% 93 107 101 85 97
(iv) T h e  I n f l u e n c e  o f  T e m p e r a t u r e  o n  R o t t in g
Four pieces, each 3 in. x l \  in., of 27 commercial full oil lea­
thers and one acrolein leather were subjected to 7 days’ rotting at 
temperatures of 25°, 30°, 35° and 40°C. Each piece after deter­
mining the initial strength, wasi treated with phosphate buffer and 
inoculated with soil, incubated 7 days and dried out. The percent­
age residual strengths, recorded in Table III. show on the whole 
less difference between 25° and 30° C, than between 35° and 40 °C.
N Again some apparent increases in strength were noted, by as much 
as 70% in one case (No. 3, 40°C). Most of these increases occurred 
in leathers Nos. 1-6 which were all from the same production, and 
the acrolein leather No. 10 was similarly affected. ,
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: Table III
Influence of Temperature on Rotting
Percentage residual strengths after rotting for 7 days.
Num ber • 2 5 ’ 30° 35° 40°
1 135 102 118 118
2 ■ 98 79 104 18
3 105 74 118 170
/ 4 85 152 120 24
5 " 115 129 120 34
6 154 135 117 78
7 48 18 0 0
8 93 22 . 0 0
9 61 60 42- 10
10 117 107 125 • 120
11 95 47 53 67
'1 2 . 78 121 78 117
13 21 39 46 0
14 . 25 . 2 21 22 .
15 75 72 79 0
16 73 83 46 ~ 24 ■
17 70 92 11 39
18 67 94 -  72 ' 0
19 61 (148) 41 0
20 55 65 43 0
21 87 . 94 81 51
22 84 73 68 89
23 61 37 56 2
24' 65 96 87 0
25 68 88 87 75
26 109 58 89 33
27 96 66 58 19
28 41 76 . 51 0
(v) Comparison of Washing Test with Semi-Quantitative and 
Quantitative R otting Tests
The quantitative test used in section IV  showed that big dif­
ferences between leathers can be observed within a week, especially 
if two temperatures, 25° and 40°C, are used. These two tempera­
tures were selected for further investigation and a direct comparison 
made with the semi-quantitative test. In  view of the lack of correla­
tion obtained previously^2) between washing and rotting tests (the 
latter was carried out in the absence of phosphate), a washing test 
was also included in the comparison.
Four pieces of 19 commercial full oil productions were sub­
jected to one of the following four treatments:
fa) Semi-quantitative rotting test at 25 °C for 17 weeks.
(b) Quantitative rotting test at 25 °C for 7 day s.
(c) Quantitative rotting test at 40° C for 7 days. ,
(d) Washing te s t: 25 washes in tap water as Expt. II, treatment
(h).
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T a b l e  IV
C o m p a r is o n  o f  R o t t in g  a n d  W a s h in g  T e s t s
Semi - quantitative 
rotting tests
Quantita­
tive rotting 
test, 25°
Quantita­
tive rotting 
test, 40°
W ashing test
N o. W eeks to become 
T  T T  TTT
% o f orig. 
strength
% of orig. 
strength
% o f orig. 
strength
N o. o f  
washes 
before d is­
integrating
1 1 1 1 41 0 0 7
2 1 1 1 25 0 0 7
3 1 1 2 ; 33 0 0 8
4 1 1 ■ 5 72 0 0 8
5 1 1 1 12 0 0 , 8
6 1 1 1 40 0 0 13
7 2 2 3 53 0 0 . 13
8 3 3 3 45 . 0 0 13
9 5 5 23 65 0 0 18
10 2 2 6 31 0 0 18
11 1, 1 2 47 107* 0 20
12 2 2 4 72 0 0 20
13 1 1 1 82 0 0 24
14 5 6 8 39 0 1.5 ■ —
15 2 2 4 21 0 4 - - —
16 1 2 4 46 0 8 - —  -
17 2 4 4 58 0 14 —
18
19
8
>  26
8 10 64
61
o '
76
25 . 
88 « =  {.
* Part o f this sample had been attacked by a m ould growth and crumbled 
to pieces on being handled. It appears that the growth o f the m ould had 
prevented bacterial attack on the remaining area.
The results are given in Table IV. The leathers are arranged in 
order of increasing resistance in the washing test. Only one leather, 
No. 19, has behaved well in all four tests, and even here the figure 
for the quantitative rotting test at 25 °C is rather low. Leather 
No. 18 is next best in all tests except (b) but far inferior to No. 
19. Only two other leathers Nos. 9 and 14 made any reasonable 
showing in the semi-quantitative test and these failed in the other 
tests. The results as a whole indicate that some discrepancy exists 
between the tests. For example, leather No. 13 which tendered com­
pletely in the semi-quantitative test within 7 days, maintained 82% 
of its strength in the quantitative test under exactly the same con­
ditions of inoculation. The probably explanation lies in the con­
ditions of inoculation with soil. The sets of leather for the two tests 
were not inoculated on the same day, and although damp soil was 
used in both cases, soil after a rain shower is very much more active 
micro-biologically than soil that has not been wet with rain for 
some period. This suggests that soil may not be a suitable in­
oculum for these tests
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; To ascertain whether more consistent results could be ob­
tained without the soil inoculum, a further series of tests was car­
ried out in which samples were soaked in phosphate buffer and 
dried out for the initial strength determination, then damped with 
distilled water prior to rotting at 25° or 40 °C. In this way there 
was no leaching out of phosphate as during the soil inoculation, 
and the leather was treated with distilled water* only. Comparative 
figures for rotting with and without inoculation are given in Table 
V, the numbers of the leathers being those in Table IV. On the 
whole there is little difference between inoculated and non-inocula- 
ted sets but there is a higher degree or reproducibility with the 
non-inoculated samples. '
T a b l e  V
C o m p a r a t iv e  R o t t in g  T e s t s  w i t h  a n d  w it h o u t  S o il  
I n o c u l a t io n
Percentage residual strengths after rotting 7 days.
N o,
25° 40°
Inoculated N o t inoculated Inoculated N o t inoculated
3 0, 33 30, 30 0 , 0 ,0 0 ,0
4 0 ,9 3 ,7 2 4 1 ,3 7  - 0, 0, 0 0, 0
, . 5 ' 16,21, 12 0 ,2 4 ,1 1 ,0 ,1 1 0 , 0 ,0 0 ,0
6 25, 40 . 45, 0, 0, 9, 10 22 , 0 0 ,0
7 75, 53 61,53 0 ,0 0, 0
8 84, 45 89 ,0
9 61 ,65 80, 108 1 0 ,0 0 ,0
11 68 , 47 5 4 ,5 4 75,107 0 ,0
13 15, 55, 82 , 40 0, 0, 0 0 ,0
14 4 1 ,3 9  - 101 0 ,0 43
15 61,21 37, 42 2 ,0 0 ,0
16 70, 46 6 1 ,5 0 39, 0 64, 0
17 73, 58 40, 33 24, 0 0 ,0
18 109, 64 96, 50, 40, 39, 60 3 3 ,0 0 ,0
20 63, 60, 16 0,
21 5 0 ,9 3 ,6 8 27, 80, 85
.. 22 35, 80, 77 115, 48, 59
(vi) I n f l u e n c e  o f  D a m p  I n c u b a t io n  o n  S t r e n g t h
The object of this experiment was to ascertain whether chemi­
cal action played any part in the loss in strength of chamois leather 
during incubation in a damp condition.
Two pieces of full-oil chamois 7 in. x i \  in. from five pro­
ductions were incubated over water to maintain 100% r.h. and 
toluene to prevent microbial growth, in a closed container at either 
30° or 40°C for 12 months. The buckle tear strength was measured 
initially, and again after 1, 2, 3, 6, 9 and 12 months. The results, 
expressed as percentage of the initial strength are recorded in 
Table VI. Since all the five leathers showed the same trends only
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the average figures are given. Ignoring the figures for 2 months, 
the strength shows a progressive fall over the 12 months to some 
35%-50% of the original. The fall was actually greater at 30° 
than at 40°.,The effect is, however, negligible compared with the 
loss in strength obtained by bacterial action.
Although the strength fell to less than half over the course 
of twelve months, water absorption was hardly affected and re­
mained at 79-110% of the original except with one production 
where figures were 32% and 24% for 30° and 40°C respectively 
(see Table VII). Although this leather was partly rot-resistant it 
was not the worst in the set of five.
T a b l e  V I /
I n f l u e n c e  o f  D a m p  S t o r a g e  u n d e r  A s e p t ic  C o n d it io n s  
o n  St r e n g t h
Average figures for five leathers.
Duration,
months
% Residual strength, 
storage at
30°C 40°C
1 70 76
2 75 102
3 62 74
6 57 69
9 59 59
12 35 48
T a b l e  V I I
I n f l u e n c e  o f  D a m p  S t o r a g e  u n d e r  A s e p t ic  C o n d it io n s  
o n  W a t e r  A b s o r p t io n
Storage for 12 months. ,
Leather
Water absorption, % of 
initial. Storage at
30° 40°C
1 97 100
. 2 107 110
3 92 81
4 32 24
5 79 85
(vii) E f f e c t  o f  T h e r m a l  Sh r in k a g e  o n  R o t - R e s is t a n c e
A property of oil and aldehyde tanned leathers is that if shrunk 
in  hot water and allowed to stand in cold water they gradually
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return to their original size. There is, however, a fall in shrinkage 
temperature (decreases from 8-14° C have been recorded for oil 
tanned leathers) and complete loss of rot-resistance even of lea­
thers that were initially highly rot-resistant-after heat shrinkage.
III. LABORATORY TESTS FOR ASSESSING ROT-RESISTANCE
(i)  S h r in k a g e  T e m p e r a t u r e
Although no systematic investigation of the relation between 
shrinkage temperature (Ts) and rot-resistance has been undertaken, 
sufficient measurements have been taken over a period of several 
years to establish conclusively that no absolute relation does exist. 
A similar conclusion was reached by Booth and Mayer<6>. Very 
generally speaking, the higher the T s the greater the rot-resistance 
but there are too many exceptions to warrant any rule being made.
T a b l e  V III
R e l a t io n  b e t w e e n  R e s is t a n c e  t o  T r y p t ic  D ig e s t io n  a n d  
• - R o t - R e s is t a n c e
Ref. N o . 0 T s % digestion 
by trypsin
Rotti
T
ng test, weeks 
TT
to x 
TTT
A1 56 16 >  22
■ A 2 54.5 21 > 2 2
B1 60.5 48.5 22 >  22
B2 62.5 49 2 2 4
C l 57 74 16 >  22
D1 57.5 83 3 6 16
E l 59.5 67 >  26
F I 67 100 3 4 4
F2 67.5 91 >  12
> F3 ■ - 67 88 >  12
F4 68 84 , >  12
F5 69 59 > 1 2
F 6 60 70 12 >  12
F7 62 48 >  12
F 8 62.5 84.5 9 9 9
F9 67.5 30 >  12
G1 5 2 3 ' 6
H I 59 11 >  26
H2 35 1 1 2
H3 . 94 1 1 2
H3* 1 6 8 19
H 4 f 55 2 1 . 2 2
J l t t 66 2 ; 10 10 19
J2 t t 68 1 . >  26
J 3 t t 59 1.5 >  26
0  A - H : Commercial productions; J : Laboratory tannage.
X A - D : W ithout added phosphate; E - J : With added phosphate.
* Form aldehyde-retanned, 
f  Acrolein-retanned, 
f t  J l, J2, J 3 : Form aldehyde, acrolein and glyoxal combination
tannages.
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Leathers having a T s of 65 °C or above usually have good rot-resis­
tance but exceptions have been noted with T s of as high as 75 °C. 
Again, a T s of 53 °C or below usually indicates poor rot-resistance. 
Some typical figures showing the absence of any absolute relation 
are given in Table V of Part I(1) and Table V III of the present 
paper. The figures in the former Table show how T 5 varies with 
the type of oil used. It has also been observed that with the same 
class of raw material and under the same conditions of oiling and 
stoving the T s of the leather is directly related to the T s of the 
pelt before oiling.
Retannage with formaldehyde raises the T s to 73 °C but, as 
reported in Part T1), it does not always increase the rot-resistance. 
As mentioned above, thermal shrinkage causes an appreciable drop 
in the temperature at which subsequent shrinkage occurs, but this 
second T s may still be quite high (figures up to  61 °C have been 
recorded) yet the leather completely lacks rot-resistance.
( i i)  R e s is t a n c e  t o  T r y p t ic  D ig e s t io n
The mechanism of breakdown of chamois leather by micro­
organisms obviously involves as its final stage the hydrolysis of 
the collagen and if protein hydrolysis plays a part it should be 
possible to simulate the action of the micro-organisms by the use 
of proteolytic enzymes. It is well established that the resistance of 
collagen towards tryptic digestion increases with the degree of tan­
nage (for a critical review of the literature see Gustavson(7’8)) be­
lieved to be caused by blocking access of the enzymes to the colla­
gen. However, even; the best tanned leather may eventually break 
down under severe conditions, e.g. when buried in soil, and pro­
bably a preliminary chemical stripping of the tanning agent is 
involved.
The temperature of 50° C finally chosen for trypsin digestion 
trials (for details see “ Experimental ”) was one at which a reason­
able amount of digestion was likely to occur within a few hours 
in order not to unduly prolong the test and so also allow bacterial 
growth to occur. Since some leathers have a T s below 50 °C it 
would be expected that such leathers would be completely digested, 
but would be unlikely to be rot-resistant anyway. Under the condi­
tions of the test a range of figures for commercial full oil leathers 
of 5-100% digestion was obtained and there was a reasonable 
correlation between these figures and results from the semi- 
quantitative rot-resistance test. However, there were sufficient ex­
ceptions to render the method unsuitable as a guide to rot- 
resistance (see Table VIII), For example, one leather digesting 
to the extent of onlyi 5% with trypsin had very poor rot-resistance 
by the semi-quantitative test, and others giving up to 90% digestion 
had very good rot-resistance. Experimental leathers given a pre­
tannage with acrolein, glyoxal or formaldehyde had trypsin diges­
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tion figures from 1-10% and were highly rot-resistant. On the other 
hand, retannage with formaldehyde or acrolein also reduced the 
trypsin digestibility to a negligible amount but did not always im­
prove the rot-resistance.
I t seems apparent from the results that the chemical stability 
of the tanning agent is involved in these tests. This question is 
discussed further in Part III.
( i ii)  B a c t e r ia l  D ig e s t io n  in  P h o s p h a t e  B u f f e r
Booth and Mayer(6> showed that when leather was rotted there 
was a production of soluble nitrogen and there was a correlation 
between the appearance of the rotted leather and the nitrogen ex- 
tractable with acid buffer solutions. It would have been desirable 
to extend these observations over a number of different produc­
tions. Since ammonia is produced during rotting, precautions 
should be taken to absorb any volatilized during the incubation- if 
quantitative, reproducible results are to be obtained.
An alternative to incubation in air and extraction with acid is 
to carry out the digestion in buffer solution. Samples of various full 
oil leathers, cut into 0.5 cm squares were incubated in N /45 phos­
phate buffer pH 7.5 (100 ml. per 2 g collagen) in stoppered flasks 
at 40°C for 21 days. A range of degrees of digestion was obtained 
varying from 1 to 97% (based on nitrogen) but showing little cor­
relation with rot-resistance by the semi-quantitative test. Leathers 
with extremely poor rot-resistance digested to the extent of only 
2 and 8 % respectively, whilst leathers with excellent rot-resistance 
digested up to 32%. Furthermore, the results were not particularly 
reproducible and depended on the degree of infection with micro­
organisms.
(iv) DETERMINATION; OF COMBINED OlL /
Combined oil comprises all the oxidation and polymerisation 
products of the cod oil which are not extractable from the leather 
with water or organic solvents. Whilst some of the products con­
tribute to the rot-resistance of the leather, evidence will be presen­
ted in Part III that the coloured component, that gives chamois 
leather its characteristic colour, plays no part. Although the fixed 
oil content has been proposed as a criterion of tannage(9), it is 
questionable whether a satisfactory way of making the determina­
tion is available.
(v )  D e t e r m in a t io n  o f  A l d e h y d e s
Although formaldehyde can be recovered quantitatively, from 
formaldehyde and combination tanned leathers by acid hydrolysis 
and distillation, the aldehydes responsible for oil tannage cannot 
be so recovered. On occasions up to 0.1% formaldehyde has been 
isolated from so called full oil leathers (identified by melting point
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of dimedone complex 189°C), and such leathers have been charac­
terised by their high rot-resistance, but it may be that they 
had been lightly treated with formaldehyde. No formaldehyde has 
been isolated from laboratory oil tanned chamois. Hydrolysis and 
distillation of acrolein and glyoxal leathers yielded only a  small 
amount of material complexing with dimedone with the follow-x 
ing properties (the properties of the dimedone complexes prepared 
directly from the aldehydes is given in parentheses). Acrolein: 
m.p. 190-210°, turned red brown on heating (m.p. 156-164°, turned 
orange red at about 100°C); glyoxal: m.p. 183°, turned pink and 
then brown on heating (m.p. 178°, turned orange red at about 
100° Q . I t  is thus apparent that if acrolein or glyoxal are present 
combined with the collagen, they cannot be recovered by hydroly­
sis and distillation. According to Bose, Joseph and Das(10), acrolein 
may be determined by acid hydrolysis of the leather and colori­
metric measurement of the acrolein-m-phenylenediamene complex 
in situ. It is possible that the material which develops the colour 
is not acrolein but some non-volatile derivative, the ratio of the 
colour developed by this material and the original acrolein being 
unknown. Furthermore, acrolein when refluxed with 3N hydro­
chloric acid was found to fall slowly in activity as measured 
by the m-phenylenediamine reagent, and if refluxed in the pre­
sence of collagen there was a rapid fall. Under the conditions of 
the method used by Bose et al, refluxing acrolein with pelt led 
to a loss of 30-60% acrolein. The method could not, in any case, 
be applied to oil tanned leather as the hydrolysate was far too dark 
in colour.
Determination of the ultraviolet absorption spectra of alde­
hyde and oil tanned leathers after acid hydrolysis also failed to 
reveal the presence of aldehydes or their derivatives in the oil 
tanned leather (these experiments are discussed in detail in Part
III). ■■■ ■ • 1 ■ ■ /
IV . ISO LATIO N OF M ICRO  O R G A N ISM S ASSO CIATED W ITH  
R O T T IN G  L EA TH ER
Three groups of aerobic organisms were isolated:
(i) Bacteria from tendered leathers that had been rotted at 25 °C.
(ii) A grey fluffy growth from the edges of circular holes which 
developed during rotting test at 25 °C, the leather as a whole 
being unattacked.
(iii) A  green mould that was associated with local disintegration 
of the leather during rotting at 40° C.
Group (0 These were isolated and sub-cultured on nutrient agar at 
, 25 °C. Twelve species were isolated in pure culture from four lea­
thers, three of which were commercial productions and one a 
laboratory tannage. Four of the species were cocci and the remain­
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ing eight species were rods, seven of them bacilli. One of the cocci 
and all the rods were capable of liquefying gelatin.
The ability of the nine proteolytic species to attack normally 
rot-resistant leather was tested by inoculating pieces of rot-resis­
tant leather 3 in. x 3 in., previously immersed in phosphate buffer, 
with 0.5-1 ml of a 24 hour broth culture of the various bacteria. 
No evidence was obtained that the individual species were capable 
of attacking the rot-resistant leather. In view of this and the diver­
sity of species isolated from rotted leather it appears that no par­
ticular species can be considered responsible for the degradation of 
chamois leather. From an analogy with the attack on collagen 
which occurs when the sweating of sheep skins is unduly prolonged, 
it is probable that the actual breakdown of chamois takes place 
under anaerobic conditions, since aerobic bacteria attack collagen 
only slowly if at all. The early stages of rotting of chamois leather 
are usually associated with the production of ammonia which is a 
product of aerobic bacterial growth, whereas the later stages are 
usually associated with the putrefactive smell evolved by an­
aerobic bacteria. Many of the common proteolytic bacteria are 
facultative i.e. can grow under both aerobic and anaerobic con­
ditions. Anaerobic conditions may occur locally due to depletion 
of oxygen by rapidly growing aerobic bacteria.
Group (ii) These organisms were isolated from three commercial 
productions in a similar manner to Group (i). Three species were 
obtained, one from each leather, all belonging to the Oidiurn genus 
of filamentous yeasts. They were all capable of liquefying gelatin 
and when grown on nutrient agar under aerobic conditions pro­
duced a putrefactive odour similar to that of rotted chamois lea­
ther. ,
Attempts to grow these yeasts on leathers from other pro­
ductions which did not develop holes in the rotting test met with 
failure. In some cases the leathers were inoculated from a nutrient 
agar culture, in others from the infected leather itself and even in­
cubated in the same jar as the infected leather.
It is not known whether the yeasts alone are responsible for 
the holes, whether they are involved in a symbiotic growth with 
the bacteria which are also present, or whether they are merely 
growing on the degradation products produced by the bacterial 
attack on the leather without themselves taking part in the attack.
Group (iii). The mould was isolated on both potato and nutrient 
agar at 40° C. Growth at 25 °C was very slow. Gelatin liquefaction 
was rapid at 40° C but also occurred at 20 °C if growth was pro­
longed. It was identified as Aspergillus fumigatus (Fresenius).
It grew on the one particular leather from which it was isola­
ted whether the leather was inoculated with soil organisms or not 
and would appear to have infected the leather at some time during
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manufacture. The leather was relatively rot-resistant, but the areas 
where the mould grew became powdery and could easily be pushed 
into irregular shaped holes. The mould could be grown on other 
productions of chamois that were not rot-resistant, but the growth 
was rather transitory and was superseded within a day or two by 
the normal bacterial flora of rotting chamois and the characteristic 
powdery areas were not produced. No growth could be obtained 
on a rot-resistant commercial production.
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Studies on Chamois Tannage—III.
Contribution to the Chemistry of the Tannage
Evidence is put forward that the coloured constituent 
of the oxidised oil cannot be extracted by ether or by 
alkali from  substrates which contain peptide groups, if  the 
oxidation is conducted in presence o f moisture. In the 
absence o f moisture, the coloured constituent can be 
extracted by ether.^An acid hydrolysate o f acrolein lea- 
ther has a characteristic m aximum which is reduced on
oil retannage and is absent in  hydrolysate o f  oil-tanned) A
and glyoxal leathers. This would confirm deduction from  
other work that very little acrolein is involved in cross- 
linkage in an oil tannage.
The reversibility o f thermal shrinkage which is charac­
teristic o f aldehyde and oil-tanned leathers is retained 
if  the pelt has its carboxyl groups esterified but lost with 
deaminated pelt. These observations and those of shrink­
age temperature and rot resistance suggest that the a lde­
hydes from  the oxidised oil cross-link the collagen  
through two primary amino groups. Tannage with Im ­
mergan also confers shrinkage reversibility which is 
believed to be due to cross linkage o f two primary amino 
groups o f  the collagen by a proportion o f  disulphonated 
material.
IN T R O D U C T IO N
I. E X PE R IM E N T A L  M E T H O D S
II. C O M B IN A T IO N  O F O XID ISE D OIL W ITH SUBSTRATES  
O THER T H A N  C O LLAG EN
IIL AB SO R PT IO N  SPECTRA OF A L D E H Y D E - A N D  O IL -T A N N E D  
C O LLAG EN A C ID  H Y D R O L Y SA T E S
IY . SH R IN K A G E  B E H A V IO U R  OF A L D E H Y D E  A N D  RELATED  
LEATH ER S
V . SH R IN K A G E  B E H A V IO U R  A N D  RO T-RESISTANC E OF  
A L D E H Y D E - A N D  O IL -T A N N E D  M O D IFIE D  CO LLAG EN
IN T R O D U C T IO N
It has been established with reasonable certainty that more 
than one component of the oxidised oil takes part in oil tannage(1_4>.
by G. H . Green
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The aldehydes, mainly acrolein and possibly glyoxal, combine with 
amino groups and cross-link the collagen, whilst certain poly­
merised products of unknown constitution combine with the pep­
tide (-CO-NH-) groups. In the course of work on the conditions 
of tannage as they affected rot-resistance (Part I)<5> evidence was 
produced that those conditions which promoted aldehyde produc­
tion and fixation to the collagen also promoted rot-resistance. Thus 
enhanced rot-resistance was obtained by allowing the oil to oxidise 
in the presence of adequate moisture to give maximum acrolein 
production, and by maintaining a high enough pH  to permit maxi­
mum combination. In the present paper further experimental 
evidence is put forward to support the theory of the dual nature 
of tannage and the role played by aldehydes in promoting rot- 
resistance.
I. EX PE R IM E N T A L  M E T H O D S
Pickled sheep skin flesh splits, depickled to pH  5 and de­
hydrated with acetone were used for most of the work. The oil 
and aldehyde tannages were carried out as detailed in Part I(5) 
and the Immergan tannage as described in Part IT6).
Deamination was carried out by the method of Thomas and Fos- 
teb7) as modified by Bowes and' Kenten(8). Two treatments with 
nitrous acid were given, one at room temperature and one at 0- 
4°C. The deaminated pelt was buffered to pH  5 and dehydrated 
with acetone.
Esterification o f carboxyl groups was carried out according to Bur­
ton et alPi and the pelt neutralised and dehydrated as above. Both 
methyl and ethyl esters were prepared.
Rotting tests were carried out in the presence of phosphate at 250 
or 40° C as described in Part T5).
II. C O M B IN A T IO N  OF O X ID ISE D  OIL W ITH SU BSTR ATES  
O TH ER T H A N  C O LLAG EN
Various materials were impregnated with 110% of their weight 
of cod oil, lightly damped and incubated in a closed container at 
50° C for 18 hours. After drying the substrate was extracted with 
ether followed by warm 1 % sodium carbonate solution.
Glass Wool. E ther extraction left the substrate brown, soda com­
pletely decolourised it.
Cotton. Ether partly stripped the colour, soda left it pale yellowish 
brown.
Wool and methoxymethyl nylon. Ether removed a considerable 
amount of colour but no more was removed by the soda. The 
residue was yellow in both cases.
STUDIES ON CHAMOIS TANNAGE— III
Those substrates containing peptide groups (wool and meth- 
oxymethyl nylon, the latter having -CH2 -OCH3 groups on about 
one third of the N atoms of the peptide groups) combined with 
the coloured component of the oxidised oil. A  trace of combination 
occurred with the cotton, possibly through the OH groups. Proc- 
teri10> also observed that hot dilute caustic soda solution would 
strip oxidised oil from cotton.
When similar experiments were carried out on glass wool and 
cotton in the absence of moisture the production of acrolein was 
greatly reduced and all the coloured oxidation products were ex­
tracted with ether only. A  similar observation was made by 
M athuri11) who found that oxidised oil was more readily stripped 
from canvas by soda when no moisture was present during oxida­
tion. Recently Airoldi<12) has provided electron microscopical 
evidence that the' polymerised oil combines chemically with the 
collagen rather than forming a sheath round the fibrils.
III. A BSO R PTIO N  SPEC TR A  OF A L D E H Y D E -A N D -O IL -T A N N E D
C O L L A G E N  A C ID  H Y D R O L Y SA T E S
Whereas formaldehyde can be recovered from formaldehyde 
tanned collagen by acid hydrolysis and distillation, this is not so 
with acrolein and glyoxaK6). An attempt was made to detect pos­
sible non-volatile derivatives by means of their ultra-violet absorp­
tion spectra. The material was partially hydrolysed by refluxing 
with 3 N hydrochloric acid for 2 hours. The hydroiysate was suit­
ably diluted and the absorption spectrum measured with the Hilger 
Uvispek under both acid and alkaline conditions. The change 
ip pH  had little effect apart from slightly shifting the Wavelength 
of maximum absorption. Only the spectra in acid solution are re­
corded.
All hydrolysates of pelt and leather showed a maximum 
absorption at 2100-2300 A (Fig. I). Pelt showed a small secondary 
maximum at 2720A attributable to tyrosine which was substanti­
ally increased and its maximum shifted to 2670 A by acrolein tan­
nage. Oil retannage modified the spectrum by reducing this secon­
dary maximum a little and making it less pronounced. However, 
the hydrolysates of two commercially oil tanned leathers, one very .
poorly rot-resistant and one highly rot-resistant, were identified- a. 
and showed no secondary maximum whatsoever, even that due 
to the collagen itself having disappeared. The spectrum of glyoxal ‘ 
tanned collagen (not illustrated) was substantially the same a£ that 
of the oil tanned leathers.
The reduction of the secondary maximum by oil retannage of 
acrolein leather is paralleled by the lowering of shrinkage tem­
perature arid indicates that bound acrolein is to  some extent dis­
placed by the oil tannage. A similar thing occurs with formalde­
hyde on oil retannage. Assuming that acrolein is the active cross-
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Fig. 1. Absorption Spectra of Pelt and Leather Acid 
Hydrolysates
A. Pelt.
B. Oil tanned leather.
C. Acrolein tanned leather. .
D. Oil retanned acrolein leather.
linking agent in oil tannage, the amount present in oil tanned lea­
ther is too1 small to detect by spectrophotometric methods. A  very 
low degree of acrolein tannage was also indicated from the work on 
the influence of conditions of tannage on rot-resistance<5). How­
ever, if as according to KuntzeK1) glyoxal is the most important 
aldehyde produced, this would be supported by the absence of a 
secondary maximum in both glyoxal and oil tanned leathers.
IV. SH R IN K A G E  B E H A V IO U R  O F A L D E H Y D E  A N D  RELA TED  
LEATH ER S
A characteristic of aldehyde tanned leathers including for­
maldehyde, acrolein, glyoxal and also oil is their property of 
reverting to their original dimensions after thermal shrinkage and 
standing in cold water. It is of interest to note that Immergan (ali­
phatic sulphonyl chloride) leather behaved intermediately between 
aldehyde leather and untanned pelt. It recovered the whole of its
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T a b l e  I
S h r i n k a g e  T e m p e r a t u r e s * o f  D e r i v a t i v e s  o f  C h e m i c a l l y  M o d i f i e d  P e l t
D eam inated Pelt.
Original ' : 53°C
Original, form aldehyde tanned : 79°C
Deam inated
Deam inated, form aldehyde tanned 
Deam inated, acrolein tanned 
Deaminated, glyoxal tanned 
Deam inated, oil tanned
Esterified pelt
Original
Original, formaldehyde tanned 
M ethylated
M ethylated, formaldehyde tann 
M ethylated, oil tanned
Ethylated
Ethylated, form aldehyde tanned 
Ethylated, acrolein tanned 
Ethylated, glyoxal tanned 
Ethylated, o il tanned
* Determ ined at pH  5.
area on standing in cold water) though on drying it shrank some­
what and became hard and horny. According to  Immendorfer<13) 
the reagent is unifunctional, having only one S 0 2C1 group, so that 
cross-linkage should not be possible. Polymerization to give a multi­
functional molecule can be ruled out so it appears probable that 
the true tanning agent is" a di- or more highly substituted sulphonyl 
chloride capable of crosslinking two primary amino groups. It 
has already been suggested(14) that Immergan contains some 20% 
of unsulphonated and some 30% of disulphonated material.
The crosslinking reaction can be across two primary amine 
groups as in the Immergan tannage, or between a primary amine 
and an amide or guanidyl group as in formaldehyde tannage^5). 
Evidence that similar bondings are responsible for the dimensional 
stability of acrolein, glyoxal and oil tanned leather is obtained 
from a study of aldehyde and oil tanned modified collagens in the 
next section.
V. SH R IN K A G E  B E H A V IO U R  A N D  R O T-RESISTANC E OF  
A L D E H Y D E 'A N D  Olfcr T A N N E D  M O D IFIE D  CO LLAG EN
Deaminated and esterified pelts were tanned with oil and with 
various aldehydes (see Parts I  and II for methods used). The 
shrinkage temperatures of various leathers are listed in Table I.
Deaminated pelt derivatives. The appearance of those in the dry 
state was almost normal though the oil tanned derivative was a 
little harder. When wet they had a slightly pelty feel, particularly
: 34°C
: 66°C
: 53°C
: 38 °C approx
: 74°C
: 61°C
: 62°C
: 58°C
: 66.5°G  
: 55°C
43 °C 
: 50°C
: 52 °C
: 56°C
: 81°C
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T a b l e  II
R o t - R e s i s t a n c e  o f  T a n n e d  E t h y l a t e d  P e l t  
T  =  slightly tender; TT =  m oderately tender; T T T —very tender.
Tendering: weeks to
Tannage . 25° 40°
T T T T T T T TT TTT
Formaldehyde
Acrolein 2 2 2 2
G lyoxal 1 1 1 1 1 1
Oil 0 1 1 — ■ — —  ■
Oil* 2 2 2 — —■ — ' ‘
* M ethylated pelt.
the oil tanned derivative. In  the rotting test at 25 °C the oil tanned 
derivative liquefied within a week. The acrolein derivative was a 
little more rot-resistant, became very tender within two weeks. 
None of the derivatives recovered their dimensions after shrinkage 
and all dried out hard and horny.
Esterified pelt derivatives. All appeared normal in the dry and wet 
state though the oil tanned ethylated pelt was rather weak. Their 
rot-resistance is recorded in Table II. Only the formaldehyde de­
rivative showed satisfactory rot-resistance though that of the acro­
lein was fair and distinctly better than the corresponding deriva­
tive from deaminated pelt. The rot-resistance of the oil tanned 
methylated pelt, although poor, did indicate that a certain amount 
of stability had been achieved, better in fact than some samples 
of commercial chamois leather. All derivatives fully recovered their 
dimensions after heat shrinkage.
The lack of rot-resistance and shrinkage stability and the low 
shrinkage temperature of the deaminated pelt derivatives indicates 
that the primary amino group takes part in the cross-linkage in 
acrolein, glyoxal and oil tannage, but no conclusion can be reached 
as to the secondary point of attachment. The carboxyl groups do 
not appear to be involved, which is in agreement with other 
workers using methods based on measurements of aldehyde uptake 
of esterified pelt (19) and cationic chromium uptake of oil tanned 
leather^. The relatively poor rot-resistance of the acrolein, glyoxal 
and oil tanned derivatives of the esterified pelt may be attributed 
to the esterification reducing the forces which hold the collagen 
chains together. The further apart are the collagen chains the less 
is the probability of groups being correctly orientated for cross- 
linkage. A similar situation exists if pelt is tanned with formalde­
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hyde at pH  12 when cross-linkage is reduced below that at a lower 
pH  due to the swelling(20>. -
The different behaviour of formaldehyde compared with the 
other two aldehydes in conferring rot-resistance on esterified pelt 
is paralleled by its behaviour in rendering poorly rot-resistant 
chamois leather more rot-resistant, whereas acrolein had no effect^. 
Also formaldehyde raised the shrinkage temperature whereas 
acrolein did not. Both aldehydes, however, rendered the chamois 
highly resistant to tryptic digestion showing there has been some 
uptake of acrolein even though very small in amount. The degree 
of cross-linkage required to confer resistance to trypsin under the 
conditions of the laboratory tesff6) is not necessarily adequate to 
prevent bacterial attack. The conclusion must be drawn that the
point of secondary attachment of acrolein and glyoxal to the colla­
gen molecule is not the amide or guanidyl group as it is with for­
maldehyde, but is probably a second primary amine group as with 
Immergan.
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Studies on Chamois Tannage—-IV.
Processes of Manufacture 
and Microscopical Observations 
by M . Dempsey and G. H . Green
SYNO PSIS
Observations have been made on the effect on the leather 
o f  depickling, pressing, green stocking and stoving. The 
observations confirm the importance o f moisture content 
during processing and o f the fine penetration o f the oil into 
the pelt, in relation to the quality o f the leather.
The use o f whiting in depickling was found liable to 
cause certain defects in the leather such as “scars”, 
“pimples” , and hard, often curled edges: it was also 
related to puckered areas and greasiness.
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INTRO DUCTIO N
In  making chamois leather, whether from limed or pickled 
stock, the general sequence of operations -  adjusting the pH, 
pressing, adding oil and causing it to penetrate (moisture being 
gradually lost meanwhile), oxidising the oil, pressing and treatment 
with soda ash, crusting and finishing the leather -  is common to 
all chamois dressers, whose methods, nevertheless, vary widely. 
Balfe^1,2) has recorded the analytical changes in pelt and grease 
and the changes in fibre structure through the processes of three 
dressers: the present paper gives an account of microscopical 
observations of changes in structure and penetration of oil in pelts
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going through process and relates the observations to character­
istics o f  the crust leathers. The processes cover a full range o f  
procedures, starting w ith either lim ed fleshes, or pickled stock and  
ranging from  a slow  procedure o f  repeated stocking to a tannage 
which was com pleted within som e 24 h.
The fibre structure o f  the pickled (or lim ed) pelt was exam ined, 
then the pelt after depickling and pressing, after green stocking, at 
various stages (when the process allowed) during oiling, after 
oxidation o f  the oil, after the soda bath and as crust leather. The 
investigations extended over a period o f  several years during the 
course o f  w hich several points arose regarding the techniques o f  
preparing sheepskin for m icroscopical exam ination, which are 
considered in a separate p ap eF 3).
OBSERVATIONS AND DISC U SSIO N
In general the changes in the appearance o f  the fibre structure 
were the same o f  those described by Balfe(1>2). Pressing com pacted  
the fibre structure and brought the fibres to a horizontal weave (see 
Figure 1). After green stocking the appearance o f  com pacting was 
increased. On subsequent stocking (or drumming) in oil the opening  
up (i.e. splitting up o f  the fibres and loosening o f  the weave) becam e 
visible again: the final crust leather showed the same am ount o f  
splitting up as was seen in the depickled (or delimed) pelt, though  
the weave had been rendered incom pact.
(i) P ic k l e d  P elt
The raw m aterial reaching the dresser was found to be variable. 
In satisfactory pelts the fibres showed characteristically full fibres, 
regularly interwoven, well split u p : at the other extreme o f  quality  
the fibres appeared thin and excessively split up. Figures for 
shrinkage temperature given in  Part I F 4) also illustrate this vari­
ability and relate the quality o f  the pelt to that o f  the leather. The 
pelts varied within packs, from  pack to pack and from  tim e to time 
in  any one tannery, as well as from  tannery to tannery.
( ii)  D e p ic k l in g
D ry depickling is advantageous in that it can be speedy and 
simple in  operation and it adds no water to the fleshes which are, 
m oreover, easy to handle and press after it. D ry depickling with  
whiting (calcium  carbonate) was found in these investigations to 
have certain disadvantages. A  number o f  packs were put through  
to find how  m uch w hiting was necessary. Theoretically 10% on  
the weight o f  the fleshes w ould  give practicable excess, and about 
this am ount, containing 4%  o f  its weight o f  sodium  bicarbonate, 
brought the pelt to pH  5 -6  in  several hours. In a pack w hich was 
depickled w ith whiting only, and even w ith several additional lots  
o f  whiting and after considerably longer drumming, the interior o f
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the pelt remained acid. In the pelt shown in Figures 1 and 3 the 
whiting had not penetrated into the com pacted, pressed structure 
but remained on the surface. During subsequent stocking and 
drumming the whiting tended to be driven in am ong the fibres 
though it still occurred in occasional clumps. Excess whiting tended  
either by bulk, or by form ing a surface layer, to prevent the cod oil 
from  penetrating with the result that untanned regions occurred, 
which shrank when the fleshes were stoved. A  number o f  defects o f  
cham ois leather, som e hitherto unexplained, were traced to the use 
o f  whiting in depickling.
P u c k e r e d  a r e a s .  These form ed where untanned central streaks 
had shrunken during stoving and, to accom m odate to the smaller 
area, the two tanned surfaces had to wrinkle.
“ S c a r s ” . These were hard regions, som etim es raised lines, som e­
times rounded or irregularly shaped, small, thin patches: both  
appeared superficially very m uch like scars. The untanned appear­
ance and the excess whiting were discernable to the naked eye 
when the “ scars” were cut across.
H a r d  e d g e s .  W hiting often accum m ulated at the edges o f  fleshes. 
The edges o f  the leather therefore felt hard, partly because o f  the 
excess whiting present, but also because the fibres had heat-shrunken: 
shrinkage often caused such edges to curl.
“ P i m p l e s ” . These were small, hard spots raised on either surface. 
W ithin them  the fibres appeared com pacted and they contained a 
large am ount o f  whiting.
G r e a s i n e s s .  Greasy patches on som e crusts from skins which had 
contained m uch natural grease were found to be holding m uch  
whiting: it was not possible to say i f  the greasiness was due to the 
natural grease or to the added oil. N orm ally, natural grease mingles 
w ith the oil which thus removes or redistributes it. Excess whiting  
m ight have prevented this interm ingling or have prevented removal 
o f  grease in the pressing and soda bath.
A n experim ent was done in wet depickling with sodium  acetate. 
The depickled pelts were slippery in the press, which was a decided  
disadvantage. Less m oisture was rem oved in greenpressing than is 
usually rem oved from  dry-pickled stock and the processes o f  
stocking and hanging were protracted, but the feel and general 
characteristics o f  the leather were satisfactory and similar to good  
general production: m oreover the resistance to rotting was highly  
improved.
(iii)  G r e e n  P r e ssin g
B a lfe t1) found that the am ount o f  m oisture present in dry- 
stocked pelt from  two tanneries was 56 and 208 parts per 100 parts
17
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F i g . 1
D e p ic k le d  an d  p ressed  p e lt (x86 ). T h e  layer o f  w h it in g  o n  the  
su rface  ap p ea rs  b lack  in  th e p h o to m icr o g ra p h  b ecau se  it is o p a q u e .
F i g . 2
A t  th e  en d  o f  o x id a t io n  (x 8 6 ). A  c lu m p  o f  w h it in g  sh o w s  as a 
dark p a tch : th e o il p resen t d isg u ise s  th e  fibre outline:-.
18
DEMPSEY AND GREEN
collagen, a considerable range. It is generally stated that after 
pressing, the pelt should contain 5 0 % m oisture (i.e. 100 parts 
m oisture per 100 parts collagen). Several observations point to the 
im portance o f  the m oisture content at this stage (see Part I P 4)) and 
sufficient m oisture m ust be left in the pelt after pressing to satisfy 
two requisites:—
1. T oo-heavily pressed pelt becom es horny, because fibres 
pressed to dryness re-stick and do not re-open subse­
quently: the consequent lack o f  internal surfaces allows 
light to traverse the pelt which therefore appears translu­
cent. Even less extreme over-pressing leads to difficulties 
in re-opening the structure. In an experiment in which two 
packs, m ade up from  the one consignm ent o f  skins, were 
pressed under two different loads, the pack which had been  
the less pressed was the less com pact and m ore finely split 
u p : in the crust the difference in com pactness was lost, but 
the less-pressed fleshes remained the m ore finely split up, 
and had the fuller, m ore satisfactory feel.
2 . E nough m oisture m ust remain in the pressed fleshes so 
that the norm al drying-out leads to only partially dry 
stock before stoving. It has been found that water could  
be pressed m ore easily from  pickled than from  lim ed stock  
and a change to pickled stock follow ed by usual processing  
led to the fleshes being too dry on entering the stoves. 
“Paperiness” (see Figures 673 and 674, “Hides, Skins and 
Leather under the M icroscope” 2^)) is related to over-quick  
drying before oil has fully penetrated.
(iv) G r e en  St o c k in g
The m ain purpose o f  green stocking is to re-open the structure 
com pacted by pressing: one p roof that this occurs lies in the fact 
that over-stocking leads to “runny” pelt. This opening-up is not 
recognised in the appearance o f  the fibre structure, as Figures 3 and 
4 indicate. A  second im portant function o f  green stocking is to 
com plete the breakdown o f  fat cells and to ensure the wide distri­
bution o f  the natural grease. It has been reported that temperature 
m ay rise during green stocking: it was considered a matter o f  
personal skill to control this.
(v) St o v in g
Stoving m ay be accom plished by drumming or by hanging, 
hanging being done in one or m ore stages. The im portant point, 
which seems to be controlled entirely by skilled judgm ent, is to  
stove when the pelt has been fully penetrated by the oil and while it 
yet retains enough m oisture. It is necessary by m aintaining the
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F i g . 3
P e lt a fter  p ress in g  (x86 ). T h e  fibre structure is  co m p a c t: w h itin g  
a p p ears  d ark  a t b o th  su rfaces.
F i g . 4
P e lt a fter  green  s to c k in g  (x86 ). T h e  fib res ap p ea r  th in n er  a n d  
m o re  c o m p a c tly  w o v e n  th an  in F ig u re  3.
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relative hum idity o f  the stove to ensure that the pelt does not dry 
out during stoving. Exam ples o f  defects w hich arose from  over- 
dried pelt are m entioned under “ Green Pressing” above: it led to 
flat leather (an extreme form  being papery leather) and lack o f  
resistance to rotting. The lack o f  rot resistance was related to lack  
o f  aldehyde tannage for which presence o f  moisture is essen tia l^ 4). 
Raising the relative hum idity o f  the stove to 75 % in one experiment 
did not give im proved rot resistance; in others, a relative hum idity  
above 8 0 % gave satisfactory results. Stoving before oil had fully 
penetrated led to puckering (see above under “D epickling”) when 
an internal layer o f  fibres was under-tanned. The presence o f  
m oisture affects the rise in temperature achieved by oxidation. The 
stoving temperatures found in practice in the present investigation  
varied, one being higher than the shrinkage temperature o f  the 
resulting crust leather, which m ight be the cause o f  a heavy, flat, 
felt-like feel in the crust leather and poor rot-resistance.
(vi) P e n e t r a t io n  o f  O i l : T a n n a g e
The penetration o f  oil was exam ined m icroscopically by 
staining sections with Scarlet R. This does not differentiate between 
natural fat and added oil, but the am ount o f  added oil is so great in 
com parison with the natural grease even in very greasy skins that 
reliable observations could be made. M ost o f the skins examined  
contained considerable am ounts o f natural fa„t which had been to 
som e extent expressed from  the fat cells and was m ingling with, 
though not wetting the fibres. Pressing and green stocking re­
distributed the fat. After 1 h  drumming in oil, the oil had not 
com pletely penetrated: after 21 h drumming the fibres were wetted  
by the oil (i.e., they were sufficiently dry to allow  this) and the 
structure was com pletely penetrated. In the stoving processes a 
number o f  stages could be exam ined and the gradual penetration o f  
the pelt and the growing intim acy o f  the oil w ith the finest fibres 
present was observed. In the earlier stages the oil was coarsely 
distributed through the pelt and smeared over the structure as seen 
in section, but it did not intim ately spread over each fibre. In one 
process there appeared to be islands o f  pelt w ithin sections which  
received the oil later than the surrounding oily fibres, but this did 
n ot prove to have been adverse. In every case the oil tended to be 
squeezed easily from  the sam ple which was being cut out for 
sectioning so that the ends o f  sections, until quite late in the process, 
were free from  o i l : this was taken as another indication that the oil 
was not wetting the fibres until quite late. In one process, the 
gradual oxidation o f  the oil could  be recognised as a solidifying  
effect, parts o f  the grease having the appearance o f  aggregating 
sem i-solid particles. This occurred early enough in the process that 
there were still unoiled fibres present with the solid-looking aggre­
gates. A t the same tim e there were fibres which had becom e
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intim ately associated w ith the fluid oil. In pelt which had been  
over-pressed, the cross-sections o f  som e fibres showed indications 
o f  previous greater splitting up: the oil was seen to surround the 
fibres but did not further penetrate to contact the small fibres. This 
shows how  resticking at pressing prevents the proper intim ate 
contact between the fine fibres o f  the pelt and the oil, which leads 
to coarse-fibred, poorly tanned leather.
A ll the crust leathers exam ined retained only a sm all am ount 
o f grease, as recognised by staining red with Scarlet R, and this was 
in the surfaces.
(vii) B a c t e r ia
Pelt which is approxim ately neutral (i.e. w ith pH  value between  
about 5-5 and 10) is liable to bacterial attack. W ith m ost kinds o f  
leather there are one or m ore stages when the pelt is vulnerable, 
but these stages are quickly passed. W ith cham ois leather, in  
contrast, once the pelt is delimed or depickled other stages fo llow  
which do not change the pH  or add other protection; the pelt 
remains vulnerable until som e measure o f  oxidation has produced  
aldehydes (which w ould have a bactericidal action) and acid (which  
i f  water-soluble w ould lower the pH ). In a slow cham ois tannage, 
the pelt m ight be held in this vulnerable state for a week or m ore. 
In a rapid process, delays m ay occur before oiling and should be 
avoided.
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H athw ay, w ho had taken over the work of D r. Pankhurst in this respect. There wd*s a 
goocnsfeal of discussion on the dyeing and finishing research programme, during/which  
the n e a k fo r  closer definition of the objectives was stressed. It was agreed/that the 
opacity or coverage of dyestuffs was a vital matter to m ost users of dyes, ^ sh ort-term  
project of considerable value in im proving fastness of finishes was the i/fvestigation of 
the “catalyst” gu o which allowed the season and the fixative to be applied simultaneously.
Cham ois of meahma to good rot-resistance had given excellent >msults in a practical 
wear tr ia l: further tebts were planned on low  selection lea th ers/O n  semi-chrome, Dr. 
Pepper reported that thebe was hope of getting pre-drying aco<?pted as part of the direct 
m oulded sole process. /
Other Activities. \  /
D r. M. P. Balfe reported on the wKrk of the Ljdfson Department, publicity and other 
activities, and on the work of the JoinnC om m m ee with S A T R A . Members’ problems 
completed in the period October, 1957 to JoDruary, 1958 totalled 264. A  number of sub­
jects had been dealt with on behalf of the/LeSdier Institute, and the current extra-mural 
experiments were reviewed. /
Finance and Administration. /  \
A t the Council M eeting in /th e afternoon, the Reporr>of the Financial and General 
Purposes Com m ittee was Deceived and a number of formal im ancial and administrative 
matters was dealt w ithy/T hese included membership and statff topics, special research 
projects, alterations Lh the distribution of publications, and tnb^statement of income 
and expenditure f o ^ h e  four-month period. It was agreed that Dr. xC G. Mitton should 
attend the mcetj/fg of the Physical T esting Com m ission of the Intermuional Union of 
Leather C heodsts’ Societies, to be held in Switzerland in June ; and t W  Dr. K, W . 
Pepper amsKDr. M. Dem psey should attend a m eeting of the Internationa. H ide and 
A llied Trades Im provem ent Society, to be held in Brussels in September.
Aytferies of reports on the use of caustic soda in pretanning treatments was fiskl to 
b e / o £  outstanding practical importance and not suitable for general publication at preskm.
'  It was decided that the next m eetings of the Research and Liaison Committee ands 
C 'mmril clmuM hp hpld jointly nt Milton P ark  on 3rd-J.uly------------------------- —--------------
■ B . i b . K . R . A .  J O U R N A L ,  1 9 5 ^ ,  V o l . l ,  p . ^ 7 .  
CHAM OIS' LEATHTTT'WEAR TRIAL.
By G. H. Green 
(with the co-operation of Messrs. Henlys, Ltd.)
D uring the past two years the Research Association has received numerous used 
chamois leathers which, it is stated, had developed holes, fallen to pieces, or become 
very hard after relatively little use. A  previous report by Green and Pankhurst 
(M e m b e r s ’  / . ,  1956, 11, 45) related loss in strength of chamois leather with the conditions 
under which it was washed, leathers from six p-oductions examined (both full-oil and 
com bination) behaving similarly. Another type of deterioration which may occur, and
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which leads to loss in strength and developm ent of holes, is due to microbial attack on 
leather stored in  a damp state. T h is type of deterioration varied considerably from one 
production to another.
Considerable experience has now  been built up on the rot-resistance of both commercial 
and laboratory tanned chamois leathers. U nder suitable conditions of test some leathers 
have shown severe tendering in a week, whereas others have withstood six months with  
no apparent loss in strength, yet these two extreme types may otherwise be similar in 
appearance and handle. It was necessary to know  to w hat extent these differences in 
rot-resistance are im portant in actual wear.
T o  this end a wear trial was carried out with leathers used for washing motor cars, 
and run parallel w ith  laboratory rotting tests. Six full-oil skins, 'finished on one side 
only, were obtained from  each of seven productions. T h e central area (approximately 
19 in. square) was cut out for the w ashing tests and the rem aining piece used for rotting 
tests and m easurements of water absorption.
METHODS.
Washing Tests.
T he 42 leathers were distributed by Messrs. H enlys to seven of their depots, each 
depot receiving one from  each Production. T h e leathers were used, in turn, for washing  
cars, and the number of cars washed before a leather was considered no longer service­
able was recorded. N o  instructions were given as to the way the leathers were to be 
treated each day after use, but at the end of its service it was to be allowed to dry out 
and returned for exam ination. T h e test ran for some 11 m onths and so covered both 
cold and warm seasons, but as the numbers given to the leathers were completely 
randomised, no one Production would have been used exclusively in one season.
Deterioration Tests.
( i )  W i t h o u t  p h o s p h a t e .
A  piece approximately 4 in. x 3 in. from each leather was im mersed in tap water 
containing a small am ount of fresh, damp soil (about one heaped saltspoonful per litre) 
in suspension, squeezed out lightly, placed in a glass-stoppered jar and incubated at 
26.5°C  (8o°F). T h e six pieces from  each Production were treated with soil together 
and incubated in the same bottle.
T h e leathers were inspected for tendering and developm ent of holes at weekly intervals 
over the first six weeks, then at 2 -3  w eekly intervals for a total period of 26 weeks. 
Assessments of tendering were made manually by the same observer throughout and 
recorded- as fo llo w s :  . . . .
S l i g h t l y  t e n d e r : could be torn with moderate effort, insufficient to tear leather at 
start o f test.
M o d e r a t e l y  t e n d e r  : readily torn at edge.
V e r y  t e n d e r  : readily torn into holes.
( i i )  W i t h  p h o s p h a t e .
T his was carried out in exactly the same way except that the leathers (each produc­
tion separately) were im m ersed overnight in M/45  phosphate buffer, pH  8.0, and 
squeezed out lightly prior to treatment in soil suspension.
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Water Absorption.
Pieces of leather approximately 2 in. square were weighed, suspended from one 
corner in  distilled water at 17-23 °C  for exactly 3 m in, allpwed to drain for exactly 2 
m in, and re-weighed.
_ . soaked wt. — dry wt.
Percentage water absorption =  ---------- :------------------  x 1 0 0 .
b  r  dry wt.
T h e test was carried out in triplicate and the mean figure reported. W ith the used
leathers the squares were cut from the central area, avoiding holes. W hen the leather
did not w et im m ediately on im mersion in the water it was held under with forceps
without subjecting it to any flexing.
RESULTS.
T h e results of the laboratory assessment and of the behaviour in wear are recorded 
in Tables I and II, respectively. In Table I the leathers are grouped together under 
Productions, since the performance in the laboratory deterioration test is related to the 
source of manufacture. On the other hand it was found preferable to group the leathers 
in the wear test under depots, since their performance in wear was related to the con- 
didons under w hich they were used and not to the Production. T h e density, thickness, 
and water absorption before and after use have been included in Table II.
In the laboratory tests all the leathers of Production F  and two of those from Produc­
tion A behaved very poorly with phosphate present, but fairly well with no phosphate 
addition. A t the other extreme, two Productions (B and C) showed no tendering even 
with phosphate (N o . 22 w ithout phosphate is an exception). Production D  behaved in 
an abnormal m anner in that tendering, once begun, proceeded extremely rapidly. 
D evelopm ent of holes was confined, almost exclusively, to the phosphate-treated leathers. 
Apart from the abnormal Production D , holes appeared only in leathers which did not 
tender.
A lthough a number of the leathers were unused or lost in the wear test, sufficient were 
returned to enable the conclusion to be drawn that the useful life of the leathers depended 
primarily on the conditions under which they were used. D epot 3, where the leathers 
were dried out w ithout soap after use, obtained the least wear and finished up with the 
hardest leathers. D epot 4, where they were not dried at all after use, obtained the most 
wear and the worn leathers retained almost their original softness (particularly N os. 23 
and 25). D epots 1, 2, and 5 w ho used the Research A ssociation’s recommended treat­
ment of w ashing w ith soap and drying out with the soap left in, also obtained good 
results.
T he reason given by the depots for discarding the leathers was in every case stated to 
be lack of water absorption. It is obvious from the w ide range of figures, from  
170-480% , that either this is not the only factor, or the m ethod used to measure water 
absorption in the laboratory is at fault. T h e latter may well be the case since it measures 
percentage absorption rather than total absorption. Leathers 23 and 25 which showed 
the highest percentage absorption had worn very thin, so that their total water-retaining 
capacity may have been considerably reduced. If loss of water absorption (due to
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TABLE I.
L a b o r a t o r y  A s s e s s m e n t  o f  R o t - R e s i s t a n c e .
T est ran for 26 w eeks. No entry indicates no change after 26 weeks.
Pro­
duction
Number
W ithout phosphate ---------- W ith ph 
W eeks tc
osphate ---------
W eeks to become become
Slightly
tender
Moder­
ately
tender
Very
tender
Develop  
holes .
Slightly
tender
Moder­
ately
tender
Very
tender
Develop
holes
3
11 12 20 20
A 15 8 17 8 4*
26 4*
• 31 10 20 2 3 3
37 10 20 1 2 4
1 4
10 ! 6
B 21 12
28 4
30
38 | 4
7 ! 8
12 8 8
C 16 6
22 20 8
32 4
40 8 8
5 10 10 10 6 6 6 6
9 10 10 10 6 6 6 4
D 20 10 10 10 6 8 8 4
27 10 10 10 6 8 8 6
34 10 10 12 6 6 6 6
39 10 10 10 6 6 6 6
6 10 4 8 14
14 17 12 12
E 17 14 10 14
25 8 17 17 24
29 8 8 17 6 12 12
42 5 6 17 10 12 17
4 17 20 26 3 4 10
13 14 26 2 2 4
F 18 14 17 24 2 3 4
24 14 14 2 2 4
35 8 12 17 3 4 6
36 17 3 4 10
2 8 14 17
8 6 8 10
• G 19 8 8 10
23 S 14 17
33 5 6 8
41 6 8 8
* In thin areas.
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resticking of the fibres on drying) is prevented by not drying out at all after use (Depot 
4 ), wear may be related to the thickness of the leather, but insufficient leathers were 
returned from this depot to enable any conclusion to be drawn. Where the leather was 
dried out after use, no relation existed between thickness and wear. Admittedly there 
must be a very large experimental error, since the stage at which a leather is regarded 
as unfit for further use must depend a great deal on the user, and furthermore it is 
improbable that the same person used all the leathers at one depot.
There was no correlation whatever between the laboratory deterioration tests and 
behaviour in wear. This means that although there was a wide range in rot-resistance, 
even the worst was satisfactory in use, and the conditions of use can be regarded as 
typical. Under abnormal conditions involving storage for relatively long periods in a 
dirty, wet condition, there may be some differentiation between the worst and the best. 
No leather was discarded as tender or because of holes. Although all the leathers 
returned from Depot 5 were torn, their strength was satisfactory. Leathers which 
developed holes were not confined to any particular Production.
Any leather which survives 7  weeks in the incubation test without phosphate can be 
regarded as satisfactory. The addition of phosphate seems to render the test far too 
severe. It would be highly desirable to carry out further tests on inferior leathers which 
failed in use through tendering so as to be able to define more precisely a limit for 
performance in the laboratory deterioration test. The more severe test with phosphate 
may be retained as a guide to the ultimate quality desirable.
SU M M A R Y .
Chamois leathers from seven full-oil productions have been compared in laboratory 
deterioration tests and in wear trials for washing cars at five garages.
The laboratory tests showed a wide variation in rot-resistance between the Productions.
All the leathers examined gave generally satisfactory performance in w ear: the 
average number of cars washed was 1 8 0 .
Behaviour in wear, as assessed by the number of cars washed with each leather, was 
unrelated to the Production, but depended solely on the way it was treated after use.
The treatment that gave the best service and left the leather in the softest condition 
consisted of washing in cold water and leaving in clean, cold water.
The treatment which gave the worst service and left the hardest leather involved 
washing in cold water and drying out.
The Research Association’s recommended treatment of washing with soap and drying 
out gave intermediate results.
Further tests on inferior leather are required to elucidate the mechanism of rapid 
deterioration which is sometimes reported.
G, H . GRE EN
Reprinted E L iS .G e c J  M S i 2  Trades’ Chem ists, 1959, 43, 212.
M OULD-PROOFING OF LEA TH ER: A JV1ETHODS
FO R  EVALUATING MOULD RESISTANCE
By G. H. Green D . 8  C . I 9 6 2
SUMMARY
1. Published m ethods o f comparing fungicidal activities and methods ........
o f assessing the effectiveness of m ould-proofing treatments are reviewed.
2. Three test methods, differing in the m ethod of inoculating the 
samples, have been compared using four fungicides.
3. A  new test m ethod is described which is believed to be more 
c stringent than hitherto published methods and takes into account the
volatility and stability o f the fungicide. It also allows, in the case of 
the phenolic fungicides, a rough comparison o f volatility to be made.
Leather liable to be exposed to conditions conducive to mould growth 
during processing, storage, or use, may be protected by incorporating a fungi­
cide. There are various ways by which the effectiveness of the treatment may 
be assessed. The simplest is to observe whether or not mould growth is in­
hibited under practical conditions. The concentration of fungicide may be 
raised or lowered according to the results obtained, and different materials may 
be compared, usually on a cost basis. A priori this methd is the soundest from 
a theoretical standpoint, but practically it suffers from several disadvantages. 
It is most suited for protection of leather during manufacture, e.g., during 
drying or currying, where the periods involved are relatively short, and imme­
diate action could be taken should mould growth appear serious. W ith leather 
in store or use, however, periods are greatly extended, conditions will vary 
considerably according to the location and climatic conditions, the latter vary­
ing with the time of the year, so that comparative evaluations become difficult, 
if not impossible. Furthermore, once the leather is in the customer’s hands, 
reports will be unobtainable, unless unfavourable, resulting in damage to the 
manufacturer’s reputation. These are the reasons for the development of accel­
erated mould-resistance tests which may be strictly controlled under laboratory 
conditions.
I. REVIEW  OF PUBLISHED LABORATORY TEST METHODS
(i) C o n d it io n s  o f  I n c u b a t io n .
In  accelerated mould-resistance tests, the treated leather is stored under 
conditions considered most conducive to mould growth, and a leather remain­
ing mould-free for some arbitrary period is considered satisfactory. Moulds 
prefer slightly damp, warm conditions, the optimum temperature lying, in 
general, near 30°C. Most of the Penicillia have their optimum at 20—25°C 
and may fail to grow above 30°C, whereas 35°C is the optimum for many 
species of Aspergilli1. As these two genera constitute the majority of white, 
green, and black moulds found on leather2, a test temperature of 25—30°C is 
indicated. The majority of moulds require a minimum relative humidity of 
85—95% for growth on textile materials3, so that growth of all species can be 
assured by working at 95— 100% r.h.
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(ii) I n o c u l a t io n  o f  t h e  L e a t h e r .
Before leather can mould, it must be infected with mould spores or 
hyphae. Normally, leather will carry quite a mixed flora derived from the tan 
liquors and by exposure to air_ in the tannery and elsewhere. Musgrave and 
Turner4 observed in laboratory tests that the onset of mould growth was some­
times, but not always, accelerated by deliberately infecting the leather with 
mould spores. Several published methods for evaluating mould resistance use 
or recommend artificial inoculation with a mixture of spores of species isol­
ated from tan liquors and various types of leather5 6 7 8 9. As different species 
grow best on different types of leather8, a universal inoculum should consist of 
a  mixture of as many species as possible5 6 or alternatively the test piece may 
be rubbed with a mouldy piece of the same leather10. It cannot be assumed, 
however, that species growing best on an untreated leather will be most 
prevalent, or even grow at all, in the presence of fungicide. It is possible that 
inoculation of the treated leather from a mouldy specimen of the same leather 
containing a sub-optimal concentration of the same fungicide may prove more 
effective, for the species used will be tolerant, or have acquired a tolerance, to 
the fungicide under test.
(iii) P e r io d  o f  I n c u b a t io n .
I t is not a simple matter to decide how long a piece of leather must remain 
free from mould in an accelerated moulding test to be satisfactory under actual 
storage conditions. Naturally, these conditions will be variable and probably 
unknown at the time of manufacture. Various periods have been proposed: 4 
weeks (inoculation with spore suspension: incubation at 35—38°C and 89— 
90% r.h.)5, 30 days (inoculation with spore suspension; incubation at 25— 
32°C, and not less than 85% r.h.)6; 1 month or longer (mixed mass inoculum; 
incubation at room temperature and above 85% r.h.)8; 3 months (no inocula­
tion, incubation at 18—20°C and 100% r.h .)11; 3 weeks (inoculation from 
mouldy specimen; incubation at 30°C and 100% r.h.), the test piece to remain 
practically mould-free10); 2 1  days (inoculation with spore suspension; incuba­
tion at 25—30°C, 100% r.h.)9.
(iv) V o l a t il it y  o f  t h e  F u n g ic id e .
Certain fungicides are fairly volatile {e.g., cresylic acid) and are considered 
unsuitable for proofing leather except for short periods during manufacture. 
However, many other phenolic fungicides in use are appreciably volatile, as 
indicated by their odour, e.g., p-chlor-ra-cresol, trichlorphenol, pentachlor- 
phenol. Even p-nitrophenol, which has only a very slight odour and is gen­
erally considered as non-volatile, was found to be volatile from leather or 
aqueous solution. When either a piece of p-nitrophenol-impregnated leather or 
an aqueous solution was incubated at 37°C in a closed container over caustic 
soda solution, a yellow colour developed within a fortnight, though no volatility 
from an oil solution was observed over several months. The French military 
administration took volatility into account by heating the dry leather at 70°C
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for 16 hours9 but this may adversely affect the leather and a reduction to 50— 
55°C for 18 hours has been proposed.
In all the published laboratory methods of testing fungicidal treatments, 
the pieces are kept in closed containers to maintain the required humidity. 
Some authors have appreciated the possibility of volatilisation and used sep­
arate containers for leathers treated with different fungicides, to avoid mutual 
contamination7 8, or alternatively separate containers have been used for each 
test piece4 9 which further avoids any possible levelling out of concentrations 
where a series of concentrations is being tested.
Even with a knowledge of the volatility of the fungicide, losses during 
storage or use could not possibly be computed. Most fungicides are absorbed 
by the leather to a greater or lesser degree, which will also affect the rate of 
volatilisation. In tropical testing conditions, the combination of high temper­
ature and humidity and free circulation of air round the specimen will encour­
age volatilisation. No laboratory test method has hitherto been designed to 
permit unlimited volatilisation, though Cordon8 suggested that the fungicide 
vapour may itself inhibit mould growth, and for that reason humidified air 
might be passed through the chamber. Unfortunately this involves the use of 
relatively elaborate apparatus which would only be justified where large num­
bers of tests are carried out regularly, or in research laboratories. In  the case 
of the phenolic fungicides, a far simpler method is to replace the water used for 
humidification by dilute caustic soda solution which will absorb any volatilised 
phenol. The sodium salts of several phenols have been used in proofing leather. 
Whilst these are essentially non-volatile, in leather they are converted into the 
free phenol which is the effective fungicidal agent. Apart from the substituted 
phenols there are no other volatile fungicides in use in the leather industry, so 
that the method covers all materials likely to be encountered. There always 
remains the possibility, however, that some non-acidic, volatile material will 
be introduced at some future date.
(v ) S t a b il it y  o f  t h e  F u n g ic i d e .
Accelerated moulding tests may lead to erroneous conclusions if a fungi­
cide is not chemically stable; e.g., if it is susceptible to oxidation, hydrolysis, 
interaction with skin substance or tan, or simply decomposition to less active 
or inactive products; Musgrave and Turner4 found organic mercurials to be 
unstable in leather. The initial dose killed mould originally present in the 
leather and also that added immediately afterwards in the inoculum, so that 
in a closed container the sterilised leather remained mould-free indefinitely. If, 
however, the leather was re-inoculated after a period, a profuse growth ensued.
Under normal conditions of storage or use, the leather may be exposed 
to the atmosphere and subjected to more or less continuous infection with 
mould spores so that its behaviour in practice may be quite different from that 
obtained in laboratory tests. A stringent, accelerated test should, therefore, 
involve repeated inoculation of the test pieces at intervals.
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- The stability of the fungicide to ultra-violet light is also included in the 
French military specification9. ■... u. '. i i '
(vi) So l u b il it y  o f  t h e  F u n g ic id e  in  W a t e r . j :
It is obvious that water-soluble fungicides should not be used for leathers 
liable to exposure to water or contact with soil. In testing such leathers, where 
the fungicide incorporated is not known, a preliminary extraction with water 
is necessary5 6 9. This additional stage should only be necessary to the pur- 
; chaser of a proofed leather, as the manufacturer should be conversant with the 
properties of the particular fungicide he incorporates.
(vii) S a m p l in g . ..
^Testing is conveniently carried out on pieces of leather 2in X lin. It. is 
well known that mould growth is frequently non-uniform over a hide or skin. 
Musgrave and Turner4 ensure that all pieces used for fungicide testing are 
capable of growing mould by allowing them to mould first and brushing off the 
mould before applying the fungicide. It is not possible, however, to use this 
-method for testing already proofed leather. Here, not only have variations 
within a single skin to be taken into account, but also variations from skin to 
skin within a pack. Furthermore, the incorporation of fungicide during pro- 
. cessing may be,uneven. ... v - , .<■ .. .... J
: . I t becomes unavoidable, in order to obtain a satisfactory assessment of a 
consignment of proofed leather, to take a large number of samples. The num­
ber will depend on the variability encountered, so that it must be left to the 
judgment of the person carrying out the test. With untreated, pre-moulded 
-leather, three samples will suffice, but with treated leather,, six skins or hides 
per pack or consignment, and three samples from widely separated parts in 
each may be required. As flank and body area;s dq not differ in their suscept­
ibility to mould4, there is no objection to taking samples from areas that would 
in. any case be trimmed off. ^ . .....
II. EXPERIM ENTAL ' ' j
In the present work, three methods of inoculation have been compared:
(i) . That of Musgrave and Turner4, where the leather is pre-moulded arid 
the surface mould brushed off prior to introducing the fungicide. ' [
(ii) Inoculation by rubbing with the same type of leather pre-moulded.
(iii) Inoculation by rubbing with the same type of leather containing a 
sub-optimal concentration of the same fungicide and moulded.
To allow for volatilisation, the specimens were incubated over dilute 
caustic soda solution. Four fungicides were used, except with method (iii) 
where only'three were used. ' ‘  ^ 1
(1 )’ M a t e r i a l s . . . . .
'Substrate—A dressing hide which in preliminary tests showed a healthy growth 
of mould in 10— 14 days when incubated at 26.5°C and 1 0 0 % r.h. without 
inoculation, was cut up into pieces 2in: X lin. - ■ i; — "S'-
Fungicides: Technical grades of the following fungicides were used: ortho- 
phenyl phenol, pentachtorphenol, he/a-naphthol, phenyl mercuric borate. •
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(ii) T h e  T e s t  M e t h o d s .
Method A : Weighed pieces of leather were moulded by incubation over water 
in one large container at 26.5°C for 16 days. Pieces showing little or no mould 
were discarded.
The mould was brushed off, and the required amount of fungicide incorp­
orated dissolved in sulphated cod oil-paraffin mixture, 5% of the leather 
weight. The oil was applied from a 1 ml. hypodermic syringe, graduated in 
0 .0 1  ml., as evenly as possible over both sides of the leather, which was then 
laid overnight in a horizontal position to allow uniform penetration of the oil 
and distribution of the fungicide. Three pieces were treated at each fungicide 
level, together with three controls with oil only. Each set was incubated to­
gether in the dark in a closed container over 0.4% sodium hydroxide solution 
at 26.5°C.
The pieces were inspected at intervals, initially: every 3—4 days and later 
weekly, until mould was evident on either the grain or flesh surface, excluding 
the edges. They were left together in the container until all three showed mould 
or the experiment terminated.
Method B: Pieces of the leather, not pre-moulded, were treated with fungi­
cide as under A, and prior to incubation they were inoculated with mould by 
rubbing both sides with the mouldy specimens prepared under A.
Method C: Pieces were treated as under B except that the inoculum consisted 
of pieces which were treated with the same fungicide and which moulded 
within 7 weeks by method B. Where pieces at more than one fungicide level 
moulded, those at the highest level were used.
(iii) D e t e c t io n  o f  M o u l d .
Usually a visual examination provided sufficient evidence of mould growth, 
but in cases of doubt a binocular dissecting microscope was used. The mould 
hyphae spreading over the surface are readily distinguished from salt and fatty 
spue.
III. RESULTS AND DISCUSSION
The complete results are set out in Table I.
(i) C o m p a r is o n s  o f  M e t h o d s .
Methods A  and B show little difference in effectiveness towards the three 
phenolic fungicides, whereas towards, the phenyl mercuric borate Method B 
appears to be distinctly more severe. When initially applied, organic mercurials 
have a powerful fungicidal or fungistatic effect at high dilutions, but over the 
course of time they gradually combine with hide Substance and bfecome ineffec­
tive. The short period between introduction of the mercurial and inoculation 
with mould in Method B was sufficient to'cause a significant loss of activity. 
At a level of 0.04% and above, Complete sterilisation may well have occurred, 
since re-inoculation of some of the specimens which failed to grow mould 
within 8 or 16 weeks in most cases produced mould within a week. A  compli­
cation arose with the higher concentrations (0.04 and 0.08%) as the fungicide 
tended to crystallise on the surface of the leather, -resulting in a higher concen­
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tration at the surface and probably also reducing the rate of combination with 
skin substance.
TABLE I
Comparison of Testing M ethods and Fungicides
Fungicide .Method W eeks before appearance o f mould.
A
N one B 
C
1-5
2
1
1-5 2
2-5 2-5 
1 2
o-Phenylphenol 0-05% 0 -1 % 0 -2 % 0-4%
A 0-5 3 3 2 2-5 2-5 2-5 2-5 3 6 > 1 9 >  19
B 2 2 2 2 3 3 3 3 3 >  1 9 >  19>  19
G 3 3 3 5 5 6 4 5 6 5 7 >  13
Pentachlorphenol 0-05% 0 -1 % 0 -2 % 0-4%
A 1-5 2 2 2 2 2-5 2-5 2-5 4 2-5 2-5 3
B 2-5 2-5 2-5 2 2 2 2-5 2-5 2-5 4 5 5
C 3 4 4 3 3 4 4 4 9 >  13>  13>  13
Beta-napthol 0-05% 0 -1 % 0 -2 % 0-4%
A 2 2 2-5 2 2 2-5 3 5 5 3 3 >  19
B 3 3 3 3 3 3 2 6 6 4 5 5
C 5 5 5 4 4 4 5 5 9
Phenyl mercuric borate 0 -0 1 % 0 -0 2 % 0-04% 0-08%
t t
A 9 9 9 8 8 13 17 17 17 17 19 19
* t
B 5 5 5 7 7 9 9 9 9 >  1 9 >  19 19
* Re-inoculated after 8 weeks with culture from m oulded, untreated leather, 
t  D itto after 8 and 16 weeks. 
t  D itto after 16 weeks.
The results with Method C indicate that it is rather less severe than A 
and B. There is an exception with 0.4% ophenyl phenol, which cannot be 
explained.
Contrary to expectation, Method C has not proved more severe than the 
other two, and as it is rather more involved and time-consuming, it is not worth 
considering further. Of the others, the pre-moulding technique of Method A 
has much in its favour, since samples which are naturally resistant to mould 
are excluded, but there is a danger that if too much mould grows before the 
test, the water-soluble nutrients may be so depleted as to retard the subsequent 
growth of mould. Method B  should be satisfactory provided a reasonably sus­
ceptible hide or skin is chosen, and it is suggested that for a hide or skin to be 
suitable, not fewer than 8 out of 10  control pieces taken at random should 
mould within a reasonable period. These moulded pieces can be used for sub­
sequent inoculation of the test pieces. This method has, therefore, been selected 
as the recommended test method for comparing fungicides.
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In the present work, the three replicate test pieces were incubated in the 
same container, and this should give more uniform results than by using a 
separate container for each piece, since cross-infection by air-borne spores 
could occur as under natural conditions.
In view of the results with phenyl mercuric borate, an initial inoculation 
may not be sufficient, and it is suggested that the inoculation be repeated at 
intervals of, say, 14 days. This brings the test more into line with natural 
conditions of storage and use, where the leather may be subjected to repeated 
infection. It also allows for losses of fungicide by volatilisation, since the 
leather, although initially sterilised, will gradually become more susceptible as 
fungicide is lost.
(ii) Co m p a r is o n  Of  F u n g ic i d e s .
The three fungicides ortho-phenyl phenol, pentachlorphenol, and beta- 
naphthol showed about the same activity, and none would appear suitable for 
tropic-proofing the type of leather used for the test, even at the highest level 
used, i.e., 0.4% on the leather weight*. Whilst phenyl mercuric borate appears 
at first sight to be by far the most effective, from the considerations mentioned 
above it is not to be recommended, in agreement with the conclusions of Mus­
grave and. Turner4.
(iii) G e n e r a l  C o n s id e r a t io n s .
Different types of leather differ in their ability to support mould growth, 
so that the quantity of fungicide required will depend on the type of leather; 
they will also support the preferential growth of different species of mould, 
which may differ in relative susceptibility to different fungicides. I t is desirable, 
therefore, that the tests be carried out on the same type of leather which is to 
be proofed.
The choice of solvent for the fungicide depends on its solubility and on the 
type of leather. The fungicide is best incorporated in oil or aqueous solution 
since uniform distribution is more easily obtained than by use of organic sol­
vents such as alcohol, which are liable to leave a deposit of fungicide on the 
surface because of too rapid evaporation4.
The question of the time the leather should remain mould-free under the 
test to be considered satisfactory is one which cannot be given a definite 
answer. It is dependent on the conditions and duration of storage and use and 
can only be left to the discretion of the person concerned. I t  is certain that if 
the conditions of exposure are severe enough, no treatment whatsoever will 
withstand them indefinitely. :
Tests are preferably carried out on the finished leather, since surface 
finishes, dyes, etc., may influence mould growth. When fungicide is incorp­
orated for the first time in the actual manufacturing process, an analysis of the
* A referee points out that the highest level o f fungicide tested (0.4%) is relatively low  
and that this should not be taken as a general statement. He cites satisfactory experi­
ence of protecting leather under tropical conditions, using 1.5 % o f ortho-phenyl phenol 
as the effective fungicide.— Editor.
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finished leather is desirable in case the fungicide is not taken up completely by 
the leather or some is removed during subsequent operations. It will also indi­
cate whether the fungicide is uniformly distributed. 1  ^ «
(iv) T e s t in g  o f  P r o o f e d  L e a t h e r . "7  ; %
The manufacturer may wish to ensure that each batch of leather, or the 
customer that each consignment, is satisfactorily proofed'. In iriost cases an 
analysis of the leather will suffice after "suitable limits have been established 
from accelerated moulding tests or known behaviour in use. In some cases, 
e.g., where the fungicide is unknown, tests on the proofed leather may be re­
quired. The fungicide testing method'given below has been slightly modified 
for this purpose. If it is required that the fungicide must be resistant to leach­
ing by water, an additional stage, according to Lollar6 7, should be incorp­
orated. ■' '''''■•■T-Vi' - X
IV»r .RECOMMENDED TEST METHODS.. ,;, .
(i) A .  F o r  C o m p a r in g  F u n g ic id e s  a n d  A s s e s s i n g  C o n c e n t r a t io n .
R e q u ir e d  in  P ractice:. , cc  :;
Material'. A piece of leather of the type which it is proposed to proof is cut 
into pieces 2in. X lin. or larger if desired. Ten or more pieces are incubated 
in the dark over water in a closed container at 25—30°C. The pieces should 
not touch other than at the edges. If 80% or more of the pieces mould within 
a reasonable period, the leather can be considered uniform enough and suit­
able for the test. If feWer than 80% mould, either select another piece of leather 
or use pre-moulded pieces only and brush off the mould before the test. Three - 
samples are taken for each fungicide concentration and three for controls^ 
these are weighed to the nearest 0 .1  g.
Incorporation of the Fungicide. The fungicide is dissolved in water or oil at
10  or 2 0  times, respectively, the concentration (w/v) required in the leather. 
The oil should preferably be the same as that- usually incorporated in the 
leather*, or alternatively such oils as neatsfoot, sulphated cod, etc., may be 
used. Mineral oils have too low a solvent power for the majority of fungicides.
; Th6  fungicide solution is applied from a 1 ml. hypodermic syringe, gradu­
ated in 0 .0 1  ml., as evenly as possible to both sides of the leather (unless one 
surface is impermeable to the solvent). 0.1 ml. aqueous solution or 0.05 ml.
011 solution will be required per grain of leather. The treated samples are laid 
in a horizontal position overnight b r longer to permit the fungicide to distribute 
uniformly through the leather and to dry. \
Inoculation. Each sample, whether pre-moulded or not, is inoculated by 
pressing both surfaces gently against a piece of untreated moulded leather. 
incubation. Each set of three samples is placed in a separate container over 
5 ml. 0.4% sodium, hydroxide solution. Two specimen jars 4in. X 2in. and 
3in. X l^in. are suitable for 2in. X l im  specimens, the alkali being placed in
* Some commercial oils contain fungicides and m ust’ riot- be used] . ..
2 1 9  "
the smaller jar, which is placed within the larger together with the leather. The 
larger jar is stoppered with a waxed cork and incubated at 25—30°C in the 
dark.
Each sample is inspected at intervals of 3—4 days during the first three 
weeks and thereafter every week. The inoculation is repeated at intervals of 
14 days. The time is noted when mould appears on the grain or flesh surface, 
ignoring the edges. A binocular dissecting microscope will assist the recognition 
of mould in cases of doubt. Any samples which develop mould are left in the 
jar until the conclusion of the test.f
With phenolic fungicides, the sodium hydroxide solution may be analysed 
for volatilised fungicide at the end of the test.
(ii) B. F or  A s s e s s i n g  t h e  M o u l d  R e s is t a n c e  o f  P r o o f e d  L e a t h e r . 
Material. Three 2in X lin. samples are cut from widely spaced areas of six 
skins or hides.
Extraction with water (for leathers liable to be subjected to wetting). Shake or 
drum the samples in 40 times their weight of water at room temperature for 3 
hours. Wipe off surplus water and allow to dry at room temperature. 
Inoculation. A stock of the same type of leather without fungicide incorporated 
should be laid aside and premoulded to provide the inoculum as for Method 
A. If this is not available, the fungicide should be extracted with alcohol, either 
by soxhlet extraction or by immersion in four or five successive changes of the 
solvent, and the residual alcohol allowed to evaporate. The extracted oil or 
grease should be replaced with a similar oil or grease.
Incubation. As described under Method A.
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Manufacturers’ Research Association for permission to publish this paper.
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The Isolation and Characterization of a Black Yeast 
from Pickled Sheep Pelts 
by G. H . Green
Black growths on pickled sheep pelts have previously been 
reported by Blanks1) and by Dohogne and Thomas(2>. In neither 
case was the species of organism positively identified though Blank 
was able to isolate it and he tentatively classified it as belonging to 
the genus Hormodendrum. These black growths have been observed 
in Great Britain on pelts of both domestic and New Zealand origin 
and this paper deals with the isolation and characterization of the 
organism from New Zealand pelts. It cannot, of course, be assumed 
that the same species is responsible for all black growths on pickled 
pelts.
RAW  MATERIAL
The New Zealand pickled pelts on receipt showed superficial 
brownish black spots 1 - 2  mm in diameter confined to the flesh 
surface, though on prolonged incubation a light growth on the 
grain surface appeared. Under the microscope the spots appeared 
slightly convex.
ISOLATION
' The spots were excised into 10% malt agar adjusted to pH 3> 
and incubated at 27°C. The organism was obtained in pure culture 
by streak sub-culture on the same medium and finally transferred to 
ordinary malt agar. I t subsequently lost its ability to grow on the 
acid-salt medium.
DESCRIPTIO N ( Fi^  1, 2.)
M a l t  A g a r  P l a t e  S t r e a k  C u l t u r e .  Initial growth consisted of 
white myce|ial hyphae. These formed septa and were followed by 
the appearance of black blastospores. The blastospores were oval 
and spindle shaped, up to 10 X  2\± in size, and exhibited terminal 
budding. After two weeks a t 27° the growth consisted of a black 
convex streak surrounded by a diffuse flat white growth. The black
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BLA CK  Y E A ST  F R O M  P IC K L E D  S H E E P  P E L T S
growth was smooth, shiny and slimy. - Isolated colonies were round, 
convex, up to 2  mm dia. central black area, grey-green inner ring 
4 mm dia., and colourless outer ring 8 mm dia. In old cultures a 
white aerial mycelium developed giving the growth a greenish black 
appearance. The mycelial mat was very tough.
M a l t  A g a r  S t r e a k  C u l t u r e  I n  C lo se d  B o t t l e . The initial 
growth was brown and comprised only budding yeast cells with no 
mycelium. The older growth was black, and septate hyphae and 
round chlamydospores (5 -  6 ju.) were present.
P l a t e  S t r e a k  C u l t u r e  .On  P o t a t o -A r b u t in - F e r r ic  C h l o r id e  
A g a r . Growth was dense black. It was composed of arthrospores 
and chlamydospores with no mycelium apparent.
Sl id e  C u l t u r e  On P o t a t o  A g a r . Abundant development o f  
mycelium was followed by production of septa and blastospores 
budding and growing in dense clumps and chains. No fission o f  
the hyphae to form arthrospores was observed. Growth under the 
cover slip was only very slightly less than that exposed to air.
M a l t  E x t r a c t . After 7 days a t 27° white, apparently fluffy, 
balls adhered to the sides of the tube. They consisted of mycelium 
and had a slimy, almost glutinous consistency. After a longer 
period a black pellicle formed compqsed mainly of budding blasto­
spores. No spores formed below the surface of the medium. The 
pellicle was tough and slightly wrinkled.
F e r m e n t a t io n  a n d  A ssim il a t io n  o f  S u g a r s . Galactose, glucose, 
lactose, maltose and sucrose were assimilated but not fermented.
A ssim il a t io n  o f  P o t a ssiu m  N it r a t e . Positive.
Sp l it t in g  o f  A r b u t in . Positive.
S p l it t in g  of. F a t . Positive.
G r o w t h  o n  L it m u s  M il k . Gelatinization followed by slow 
peptonization.
IDENTITY
Black yeasts have been isolated from raw sugarC) and from 
Emmenthaler cheese^4), as well as from pickled sheep pelts. 
Henrich5) points out that these micro-organisms all show marked 
transformations depending on conditions of growth. Browned3) 
called his organism Monilia nigra, though other authorities, inclu­
ding Henrici, are of the opinion that they are but yeast-like forms 
of Demitiaceous moulds of the type Hormodendrum.
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G R EEN
The present organism differed distinctly both from Monilia 
nigra as described by Browne and the organism described by Staub 
et al. According to Lodder and Kreger-van Rij’s classification^6) it 
should belong to the genus Trichosporon although these authors do 
not list any black yeasts in this genus. It is thus regarded as a new 
species, o«*dL is "TueU t
J t . 1M  I
Firm
Date
S /
Pm.
D escr ip tio n
Date
S /
Pm.
Description
S.L.M,ri.A. Monthly Digest, 1955 (Dec.),' p-*83.
3 3 1 ^  U l t r a s o n i c s ,  s o n ic s ,  a n d ' t h e  l e a t h e r  i n d u s t r y
By G . H . G reen and J. A . M oss
.In t r o d u c t i o n . -
W ith  the advent during recent years of instruments capable of generating ultrasonic 
vibrations at high intensities, m uch work has been carried out on the application of 
this source of energy to industrial problems. A  brief summary of m ethods of generation \ 
and possible applications has already appeared in the M e m b e r s ’  J o u r n a l ll), and for 
detailed information the reader is referred to a recent book by Crawford(2'. In this 
article it is proposed to review  the work that has been carried out in  connection w ith  
the leather industry and discuss the practicability of commercial application. Claims 
have been made that it is possible to produce certain of the results at sonic frequencies 
and for this reason the literature on sonic radiation has been included.
Sonic vibrat’ons, i . e . ,  those, audible to the hum an ear, cover the range approximately 
16-16,000 c /s; below and above this range they are know n as s u b s o n i c  and u l t r a s o n i c ,  
respectively. T h e sound, audible or otherwise, is produced by the vibration of a 
t r a n s d u c e r ,  the term used to describe the means for converting any form  of energy into  
sonic or ultrasonic, waves'. T h e energy is supplied by a g e n e r a t o r  or o s c i l l a t o r  and may 
be electrical or mechanical. Transducers of technical interest are of four main types:
(a) P i e z o e l e c t r i c ,  based on vibrations set up in a quartz or barium titanate crystal 
by an alternating current (100-10,000 kc/s).
(b) M a g n e t o s t r i c t i v e ,  depending on the change in length of a magnetisable rod in 
an alternating m agnetic field ( t o - i o o  kc/s). 1
(c) M e c h a n i c a l ,  based on the whistle principle (2-100 kc/s).
(d) E l e c t r o m a g n e t i c ,  similar in principle to the loudspeaker (0.1-5 k x /s)- Laundering  
machines are now  available on the electromagnetic principle using alternating current 
at mains frequency as a source of power.
■ Energy is transmitted through the m edium , which may be gas, liquid, or solid, by 
means of an acoustic wave resulting from  the oscillations of the individual particles 
of the m edium . These oscillations may be transmitted from  one m edium  to another, 
but reflection may occur to a lesser or greater extent (c . f . ligh t waves passing from air 
to glass). As transmission from gases to solids is inefficient, solids to be irradiated are 
usually coupled to the transducer through a liquid m edium , either water or oil.
Apart from the energy imparted by vibration of the particles, another phenom enon . 
may occur in liquids, know n as c a v i t a t i o n .  Under the influence of intense sound waves, 
the inertia of the liquid is too great to keep in phase w ith the vibrations, and voids 
arise filled with gas com ing out of solution (degassing effect) or merely w ith the vapour 
of the liquid itself. T h e collapse of these voids releases an enormous am ount of 
localised energy, with extreme disruptive effects on solids in the vicinity. H eat is  
also produced, leading to a rise in temperature of the m edium . A s far as the application 
of ultrasonics to hides and skins is concerned, it is not yet know n whether the changes 
observed are'due solely to vibratory or cavitation forces or to a com bination of the two. 
R e v i e w  o f  t h e  L i t e r a t u r e
T h e first serious study was reported by Ernst and G utm ann(3) and discussed further 
in a paper by G utm ann(4). Their work was confined to the laboratory and consisted 
of accelerating tanning by irradiating pieces of pickled calfskins, or 2 m m  cowhide 
flesh splits, in the tan liquid. T h e pelt was held 1 in. from the transducer and 
subjected to a frequency of 760 k c/s. Chrome tannage was not appreciably accelerated 
(M /7 , h radiation, 3 W /c m 2), but a more even com bination with the surface was achieved 
giv in g  a darker, m ore uniform  colour. W ith  vegetable tannin an appreciable increase 
in rate of penetration was obtained at an intensity of about i 1/^  W /c m 2. Foam ing  
occurred during the initial stages due to degassing, and the resonant frequency fell. 
After i h the resonant frequency- began to rise, and after " $ x/ i  h was beyond the range 
" of the oscillator though tan penetration was far from complete. This variation in 
resonant frequency was attributed to degassing and an alteration in the im pedance 
of the pelt during tanning, and did not occur on irradiating th e  liquor alone. A  
liquor irradiated on its ow n did not tan at an increased rate. Similar results were 
obtained w ith a syntan, tannage being accelerated more than w ith vegetable tans. Ernst 
and G utm ann concluded that the principal effect of the ultrasonic vibration is a depoly- 
m erising action on -the tannin m olecules, though later G utm ann suggests that the size 
of the m olecule is reduced by stripping the hydration shell, w hich at the same time 
renders it more reactive. T he chrom e m olecules are already small enough to penetrate 
easily between the fibres, whereas the vegetable tannin m olecule tends to clog the pore 
openings and diffuse inside only slowly. These theories are all purely conjecture and 
the results could just as easily be explained by an increased rate of diffusion due to opening  
of the spaces between the collagen fibrils under the vibratory forces. T h e more even
surface tanning achieved in chrom e/tanning seems m ore likely to be an effect on the 
skin rather than on the chrome molecules, the vibrations causing increased splitting
and greater reactivity of the surface fibres.
In all these experiments, precautions were taken to prevent heating of the liquor, 
the temperature of which was not allowed to exceed 27 °C. Considerable amounts of 
energy were involved, W /cm 2. corresponding to r V2 k W /ft2. Gutmann states 
that the power required would exclude the use of quartz crystals on account of cost
of plant and operation, but magnetostriction generators giving the same power at lower
frequency would be more feasible on a large Scale, and estimated that a frequency of 
10-25 kc/s would probably be suitable.' r
Further experiments showed that the rate of dyeing was also accelerated by 17-25%, 
depending on the frequency of the radiation and compactness of the fibrjes. Production 
of hydrogen peroxide may have an undesirable side effect on the colour of the dye. 
In contrast with vegetable tan liquors, considerable im provem ent was obtained by 
irradiating the liquor before entering the goods and here de-aggregation of the dye 
particles is probably involved.
Zapf(3) has patented the use of ultrasonics for soaking, dyeing, and fat-liquoring  
at frequencies of 50-3000 k c/s at o-6o°C, voltages of 220-10,000 V  (preferably 6000 V ), 
and currents of 10-200 amp per radiator. Small molecules require high frequencies 
and v i c e  v e r s a .  T h e radiation is applied from  above and below to a skin m oving  
horizontally on a conveyor. Interrupted periods of radiation and varying frequency 
are recom m ended. Suggested treatments are:
soaking: 8 W /c m 2; 3 x 3  m in doses at 22°C , ~
dyeing (chrome leather): 8 W /c m 2; 4 min dose at 60°C , ■
fat-liquoring: 8 W /c m 2; 4 min dose at 50°C.
T ielb orgei(6) claims that increase in p H  of a chrome liquor does not reduce the rate 
of tannage under ultrasonics because molecular aggregates do not form. In fat-liquoring, 
ultrasonic vibration produces a finer dispersion and results in  faster penetration, the 
tim e being reduced from 40-60 m in to 5-10 min. T he times required for tanning 4m m  pelt 
are given for 3%  chrome liquor (40-52 m in); form aldehyde syntan (165 m in), and 
vegetable tan (bark) (145 m in). Suitable frequency ranges for vegetable tanning are 
20-400 and 680-900 k c/s. For fat-liquoring, 150, 395, or 962 k c/s are recommended; 
in  the range 576-720 k c/s the em ulsion is destroyed.
Sim oncini and Criscuolo(7) report the results of tanning trials using sonic vibrations 
at 100 c / s  applied through a bottom  diaphragm in a 15 1. stainless steel cylinder. T h e  
tan liquor was cooled and m aintained at i6 °C  by water circulation through a coil. 
U sin g  350Bk. chestnut extract, strengthened at intervals, the fo llow ing results were 
obtained :
P e r i o d  o f  t a n n a g e ,  h  P e r i o d  o f  r a d i a t i o n ,  h  D e g r e e  o f  t a n n a g e  
96, , 23 / 64 • . '
144 \  6 4
' i44. \ 33 . . . ; 82  .
Pototschnig and Liebscher*8’ have patented a plant in which hides are suspended in 
a tank fitted with ultrasonic or sonic radiators (frequency range, 1-16,000 c/s)' inserted 
through diaphragms or w ith transducers suspended from  above. It is claim ed that very 
little power is required, the waves are said to strike the hide from all sides w ith  almost 
undim inished strength thus g iv in g even penetration and quick tannage. T h e  method  
is claim ed to be suitable for soaking, lim ing, and fat-liquoring. T h e impression gained  
on reading this patent is that the design of the plant has not got beyond the drawing  
board stage. .
A  Russian papert!,) describes the application of ultrasonics to speeding up unhairing  
and tanning. N o  details are given other than that satisfactory unhairing was achieved 
in 6 h, the skin being immersed in the'unhairing liquor (com position unstated), whereas 
no loosening occurred with a control skin. Complete tannage of a m edium -weight 
cow shoulder was obtained w ithin 18 h as against 114 h required by a control.
: Schantz""’ uses a Bosch electromagnetic apparatus with mains A .C . current g iving  
100 c /s  to a 280 m m  metal membrane. It is claimed that it can be em ployed in the 
usual plant and with all types ,of tannage. Compared with ultrasonic radiation it is 
applicable to m uch larger transducer surfaces and there is no risk of dam age to the 
hide (by heat?). T he hides were irradiated at interval^ for a total period of 19 h over 4 
days in  a 75QBk. vegetable-syntan m ixture, a very uniform  tannage of hides being  
.claimed. In m any cases it is said to be advantageous to irradiate the liquor before 
entering, the goods, though the purpose is not indicated.
A  remarkable automatic plant for accom plishing vegetable tannage of hides in 24 h 
.is described by Eisenegger0 0 . - T he hides, suspended from  a conveyor, are passed 
through a series of tan liquors contained in stone channels w hilst being subjected to., 
irradiation from a battery of m agnetostriction oscillators inserted in the sides o f  the 
channel, and to a continuous brushing which serves to agitate the liquor. It is 
necessary to de-gas the liquor by a preliminary irradiation before entering the hides, and 
to cover the liquors with coloured oil to exclude light and air. 'T h e reason for these 
precautions is not explained. \ _
A  recent report from the Research Institute at Regensburg021 indicated failure to 
achieve any increase in the rate o f tanning with unsulphited quebracho extract by 
irradiation at 1 and 3 M c/s and relatively high intensities. T he extract also remained 
unchanged. • ■ ; h- x
D i s c u s s i o n ."  - ■ , "■ A ' . : . " /
It is clear that very little, if  any, systematic work has been carried out on the influence 
of such conditions as frequency and intensity’ of radiation. Moreover, the influence o f  
molecular w eight and constitution o f tanning materials on the rate of tan penetration 
require study. W ork reported in detail has been confined to a, narrow range of 
conditions. N o  work has been-done to elucidate the mechanism  of the results observed, .; 
though increased dye penetration of an irradiated liquor points to de-aggregation of the . 
dye particles. / /
■ Apart from Tielborger’s observations, there is no evidence that frequency is critical 
. over a very w ide range, though there may w ell be an optim um  for a particular process.
It is not know n whether cavitation is desirable, for if so, lower frequencies should prove 
more effective. A  difficulty reported w ith high frequencies01 is an alteration of the 
resonant frequency of the transducer-pelt system during the course of tannage, which  
would be less serious at low  frequencies. A ccording to G utm ann'41, the acoustic energy 
required rises as the frequency falls; it is calculated that 10 k c /s  would require about 
400 times more power than 200 k c/s; however, 400 kW  of acoustic power at io^kc/s 
are much more easily and cheaply realisable than is 1 k W  at 200 k c/s. Unfortunately  
those patents where low  frequencies are specified as suitable give no indication of the 
power requirements.
T here is very little indication that by the use of sonic or ultrasonic vibrations the ? 
product is superior to that achieved by normal processing. M ost authors have worked
■ with small pieces of skin and have not finished the leather. Fridm an e t  a l . w  state that 
they tanned a m edium -w eight cow  shoulder and the leather had satisfactory fullness and. 
good fibre structure, but it was not compared with the control. T h e only likely  
advantage is a reduction in process tim e w hich in m ost cases could be accomplished 
just as well by mechanical action. Exceptions w ould be, for exam ple, in the lim in g  of 
calfskins and gloving skins where m uch mechanical action is undesirable, and in  tanning  
heavy hides'. T h e saving in tim e in the first tw o cases w ould not warrant the special 
installation of ultrasonic equipm ent. W here processes are normally carried out in a 
drum or paddle there is likewise no point in changing over. There is the case where 
new  equipm ent is being considered. Flere, such factors as relative capital cost, upkeep 
and m aintenance, running costs, efficiency and versatility enter. It is im possible to 
arrive at precise figures for the first four item s w ithout having some particular appli­
cation in m ind, but it is the last which deserves the m ost serious consideration. D rum s 
and paddles may^be used for. every w et stage in light leather processing. Ultrasonic 
generators require tanks or pits which have very lim ited application, whilst the gen­
erating equipm ent is itself very expensive and cannot be used for any other purpose. 
Large numbers of hides or skins cannot be treated sim ultaneously, for the radiation is 
strongly absorbed and would not pass through from one skin to another (unless suffi-
Elentfy' high intensTfiHl'are" usedW ITicIT^oinH^^ftnisat The slfihs)r' EachTiTde o r ’skin ^  
m ust be treated individually and.m ust be irradiated at an angle of less than 150 to the 
normal, otherwise the radiation1 is totally reflected*2'. For commercial application a 
long, narrow pit through which the hides or skins pass on a conveyor and require a 
relatively short treatment or alternatively a m oving trough system, is indicated (c./. 
Eisenegger’s patent*11’). Temperature control requires serious consideration. Consider­
able amounts of heat may be generated and m ust be removed to avoid heat damage or 
other adverse effects.
Som e benefit m ight be gained in the field of heavy leather tannage. T h e pe~iod 
required for com plete tannage m ight be reduced from m onths to days but the question  
remains whether, assuming an equal product, the cost of the plant w ill cover the saving  
of laid up capital of the hides in process. T h e cheapest installation is that based on  
electromagnetic oscillations at 100 c/s, i . e . , .  double the mains frequency, but this is well 
within the audible range (a little below bottom C). M ost of the sound will be reflected 
from the water-air interface but at high intensities Sufficient may pass through to make 
it. unbearable. '
N o  m ention has been made of the possible use of ultrasonics for degreasing and for 
unhairing w ithout chemicals. Ultrasonics could conceivably be used in conjunction  
with the paraffin degreasing process by breaking down the size of the paraffin globules 
beyond that normally attained. Em ulsification requires low  frequencies and could be 
carried out in an external system using whistle generators, which are simple to manu­
facture and have a. high efficiency. A
Ultrasonics has been* used to break down cellular materials, e . g . ,  bacteria, and could  
conceivably be used to disrupt the less organised basal cells of the epidermis of skin and 
so cause the hair to loosen. Experim ents have shown*13’ that when w ool sheepskin is 
irradiated, a certain degree of wool loosening is achieved, and where the w ool is pulled  
the fibre is com plete with root and hair follicle wall attached. Complete loosening has 
not been realised, presumably because the papilla has not been severed and a large bulb 
has to be pulled through a narrow, som ewhat w inding follicle. H air sheep and ox hide, , 
on the other hand, have failed to show any loosening of the hair whatsoever.
D yein g  is another process where ultrasonics m ight be used w ith advantage w ith dyes 
having poor penetrating power. Bv reducing the particle size, better penetration m ight 
be achieved, thus avoiding excessive deposition o n , the surface w ith consequent poor 
fastness to rubbing. W h ilst yarns can be treated by a continuous process, it w ould seem  
m ore practicable for leather to treat'the dye solution separately, providing the de­
aggregated dye particles are sufficiently stable not to re-aggregate appreciably during the 
course, of dyeing. There i,s a possibility o f oxidation of the dyestuff occurring during  
irradiation. \  ; . ■ ' . ■ 1 f  '
• C o n c l u s i o n s . -  ■ ■ - ; ... ^
For the processes of light leather manufacture involving soak ing/ lim ing, tanning, 
and fat-liquoring, ultrasonics do not appear to offer any advantages over conventional 
m ethods of applying mechanical action. W here mechanical action is undesirable the. 
cost of ultrasonic equipm ent is not likely to be warranted by the saving in time. 
Possible practicable applications are as an aid to better emulsification in the paraffin 
, degreasing process, and to im proved penetration of dyes. ;
In heavy leather tanning, the tim e required may be reduced substantially, but it is 
very doubtful whether the capital cost of the plant, its running and m aintenance, would  
cover the saving in laid up capital of the hides, and whether the advantages to be gained  
would justify the considerable am ount of research and developm ent needed.
W ith  regard to dew oolling sheepskins by ultrasonics^ the degree of wool loosening so 
far achieved is inadequate for practical purposes. In view  o f the enormous' potential 
value of such a process it w ould seem desirable to elucidate precisely the mechanism  
whereby some loosening is obtained, in  the hope that a better understanding of the 
process w ould enable, im provem ents to be made.
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LES SONS/ ULTRA-SONS & ^INDUSTRIE DU CUIR
por 6 .H . GREEN et J.A. MOSS
(T he B ritish  L eather M anufacturers R esearch  A sso c ia tio n )
L ’a p p a r it io n , a u  cou n s d e s  d e r n ie r e s  a n n e e s ,  
d ’in s tr u m e n ts  cap a ib les d ’e n g e n d r e r  d e s  v ib r a ­
t io n s  u ltr a so n iq u e s  d ’in te n s it e s  e le v e e s ,  a  p e r -  
m is  T e x e c u t io n  d e  n o m b r e u x  tr a v a u x  su r  l ’ap -  
p lic a t io n  d e  c e t te  s o u r c e  d ’e n e r g ie  a u x  p r o b le -  
m e s in d u s tr ie ls .  N o u s  engageom is le  le c te u r  de  
r e c o u r ir  p o u r  in fo r m a t io n  d e ta ille e  a u n  l iv r e  
r e c e n t  de C r a w fo r d  (1 ). On se  p r o p o s e ,  d a n s  
le  p r e se n t  a r t ic le ,  de p a s se r  en  r e v u e  le  tr a v a il  
q u i a e te  e x e c u te  e n  r e la t io n  a v e c  l ’in d u s tr ie  
d u  c u ir  et d e  d is c u te r  le s  p o s is ib ilite s  d ’a p p li-  
o a tio n  c o m m e r c ia le . Oin a p r e te n d u  q u ’i l  e ta it  
p o s s ib le  d e  p r o d u ir e  c e r ta in s  d e s  r e su lta ts  a 
d e s fr e q u e n c e s  s o n iq u e s  e t p o u r  c e t te  r a iso n  
on  a fa it  m e n t io n  e g a le m e n t  d e  la  i it te r a tu r e  
to u c h a n t la  r a d ia t io n  s o n iq u e .
L es v ib r a t io n s  iso n iq u es, c ’e s t-a -d ir e  c e l le s  
p e r c e p t ib le s : a T o r e ille  h u m a in e , c o u v r e n t  le  
d o m a in e  d ’a p p r o x im a t iy e m e n t  16 000  c / s  ( c y ­
c le s  p a r  s e c o n d e )  ; a u -d e s so u s  et a u -d e s su s  d e  
c e  d o in a in e  e lle s  so n t  c o n n u e s  c o m m e  in fra -  
s o n iq u e s  e t  u l tr a s o n iq u e s ,  r e s p e c t iv e m e n t .  L e  
so n ,, a u d ib le  on  a u tre , e st  p r o d u it  p ar la  v ib r a ­
t io n  d ’un  t r a n s f o r m a te u r  ( tr a n sd u c e r ) , te rm e  
u t i l is e  p o u r  d e c r ir e  le s  m o y e n s  de c o n v e r t ir  
to u te  fo r m e  d ’e n e r g ie  en  o n  d e s  so n iq u e s  o n  u l ­
tr a so n iq u e s . L ’e n e r g ie  e s t  fo u r n ie  p a r  u n  g e n e ­
ra  te a r  o u  o s c i l la te u r  e t p e n t  e tr e  e le c tr iq u e  o u  
m e c a n iq u e . L es tr a m fo r m a te u r s  d ’im teret t e c h ­
n iq u e  ,so n t d e s  q u a trc  ty p e s  p r in c ip a u x  sui-s 
v a n ts  s u-'
a) P ie z o - e le c tr iq u e , b a s e  su r  le s  v ib r a t io n s  
p r o d u ite s  d a n s u n  c r is ta l  de  q u a rtz  ou  de t i ­
tan a te  d e  b a r y u m  p a r  un c o u r a n t  a lt e r n a t i f  
( 1 0 0 -1 0 0 0 0  k c / s )  ; . v ,  ^ ■,
b) M a g n e to s tr ic t i f , d e p e n d a n t  d u  c h a n g e m e n t  
de lo n g u e u r  d ’u n  b a rrea u  c y lin d r iq u e  m a g n e -  
t isa b le  d a n s  un  c h a m p  m a g n e tiq u e  a lte r n a t if  
(10-100  kc/is) ;
c ) M e c a n iq u e ,  b a se  su r le  p r in c ip e  du  s i f f le t  
(2-100  k c / s )  ;
d) E le c tr o m a g n e tiq u e ,  b a se  su r  le  p r in c ip e  
du  h a u t-p a r le u r  (0 ,1 -5  k c / s ) .  D e s  m a c h in e s  a 
la v e r  so n t m a in te n a n t  d is p o n ib le s  r e p o sa n t  su r  
le  p r in c ip e  e le c tr o m a g n e t iq u e  u t i l is a n t  le  c o u ­
r a n t a lte r n a t if  a h a u te  fr e q u e n c e  c o m m e  s o u r c e  
d e  p u is sa n c e .
L ’e n e r g ie  e s t  tr a n sm ise  p a r  le  m ilie u , q u i  
p eu t e tre  u n  g a z , u n  l iq u id e  ou  u n  s o l id e ,  a u  
m o y e n  d ’u n e  o n d e  a c o u s t iq u e  r e su lta n t  d e s  o s ­
c i l la t io n s  d e s  p a r t ic u le s  in d iv id u e l le s  du  m i­
l ie u . C es o s c i l la t io n s  p e u v e n t  e tre  t r a n s m is e s  
d ’u n  m ilie u  a u n  a u tr e , m a is  u n e  r e f le x io n  p e u t  
su r v e n ir  d a n s u n e  p lu s  ou  m o in s  la rg e  m e su r e  
(a  t itr e  d e  c o m p a r a is o n  : o n d e s  de lu m ie r e  p a s ­
sa n t d e . l ’a ir  d a n s  le  v e r r e ) . C o m m e  la  tr a n sm is ­
s io n  d e  gaz a d e s  s o l id e s  est in e f f ic a c e ,  le s  
so li  d e s  a ir r a d ie r  so n t  h a b itu e lle m e n t  c o u p le s  
a v e c  le  tr a n s fo r m a te u r  p a r  un  m ilie u  l iq u id e ,  
de  l ’eau  ou d e  l ’h u ile .
E n  d e h o r s  de l ’e n e r g ie  c o m m u n iq u e e  p a r  
v ib r a t io n  d e s  p a r t ic u le s ,  u n  au tre  p h e n o m e n e  
p e u t s u r v e n ir  d a n s le s  l iq u id e s ,  c o n n u  so u s  le  
n o m  d e  c a v i ta t io n .  S o u s l ’in f lu e n c e  d e s  o n d e s  
so n o r e s  in te n s e s ,  1’in e r t ie  du l iq u id e  e s t  tr o p  
g r a n d e  p o u r  e tre  m a in te n u e  en  p h a se  a v e c  le s  
v ib r a t io n s  e t d e s  v id e s  se  p r o d u ise n t  r e m p lis  
d e  gaz v e n a n t  de la  so lu t io n  (e ffe t  d e  d eg a za -  
g e) o u  s im p le m e n t  de v a p e u r  d u  l iq u id e  m e m e .  
L ’afFaiissem ent d e  c e s  v id e s  l ib e r e  u n e  q u a n tite
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quantite de Cr20 3 f ix ee  par cette surf aye est 
plus igrande ;-il is’ensuit qu’on obtient t i e /  cuirs 
a fleur cassante.
T qus le s  in c o n v e n ie n t s  s ig n a le s  p a f  le s  a u ­
teu rs c ite s  c i-d e s s u s  o n t e te  su r m y n te s  d a n s  
le  ta n n a g e  c o m b in e  : fo r m o l-c h r o u ie -ta n in .
Le tannage formol-chrome-taniur presente, si- 
m ultanem ent les avantages du Mrmolage ainsi 
que les avantages clu chrom agy prealable. Par 
le form olage prealable tout /a ’abord, le gon- 
flem ent de la peau isortie yfu dechaulage est 
fixe et les pores restant a i /s i  ouverts le tanin  
peut penetrer plus facileyient a rinterieur de 
la peau.
D ’autre part, par le ufeme form olage, le taux 
de Cr20 3 fixe a la surface de la peau est plus 
petit que dans rintej4eu r .d e  la  peau, ce qui a 
comm e resultat tine fixation  de tanin moin- 
dre sur cette par lie de la peau, m ais une fixa ­
tion de tanin  asgez grande a 1’interieur de la 
peau, conduiisayit ainsi a des cuirs a semelle 
bien rem plis / t  a bon rendem ent.
Le fait que par form olage une partie des 
groupem erm  am iniques et surtout ceux de la 
partie superieure de la peau ont ete cleja fixes, 
exp liq u e/q ue la com binaison ulterieure de la 
peau a /e c  les tanins peut se faire dans des 
conditions plus douces et dans un temps plus 
court; meme si l ’on em ploie des le com m ence- 
meyl; des jus tanniques plus concentres, en 
as/urant ainsi un bon rendem ent en cuir fin i.
C O N C L U S I O N S .
>es resultats obtenuis au laboratoire dans le 
prdcede form ol-chrom e-tanin, on peut tirer les 
considerations suivantes :
1° h e  dechaulage com plet a l’acide lactique 
est tresVavorable ; les cuirs. a semelle obtenus 
ay ant des caracteristiques chim iques et p hy­
siques favV'ables (tabl. I, II).
2 ° Le degise de tannage dim inue quand le pH 
du bain de fW molage augmente (tabl. III).
3 ° Un pickla^e relativem ent fa ible (et court) 
qui assure cependant la penetration du chrom e 
au eoeur est favorable, en assurant un degre de 
tannage plus gran el que sans picklage.
4° Une basicite pluis grande de la solution  
chrom ique assure un m eilleur degre de tannage, 
quoique Lon ob tien n eV e bons degres de tan­
nage avec une b a sic ite \p lu s  petite (voir ta­
bleau lb
5° Le tannage vegetal dtebord en cuves et 
puis au « tonneau », favorisey in  degre de tan­
nage plus grand que le tannage directem ent 
au « to n n ea u » ; ce degre etant d’autant plus 
grand que le sejour en cuves est p lus long ; 
c ’est ainsi que les degres de tannage deis echan- 
tillons qui sont restes en cuves 3\ io u r s  et 7 
jours, sont respectivem ent de 27 %  e \  de 35 %  
plus grands que le degre de tann age\d u  cuir 
tanne directem ent au « to n n ea u »  q u i\e s t  de 
73,10 %. De meme, les m atures lavables a\Teau 
des cuirs tannes d’abord en cuves s o n \ d e  
19,30 %  et de 23 %  plus petites que ce lle sx lu  
cuir tanne sim plem ent au « tonneau ».
6° La penetration com plete en basserie de laN
I
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e nor m e d’en erg ie  lo ca lisee , avec  des effets de 
rupture sur les solicles se trouvant a p rox i-  
m ite. 11 se p rod u it egalem ent de la chaleur, 
con d u isan t a une e levation  de la tem perature  
du m ilieu . T ouchan t 1’ap p lica tion  d es ultra- 
sons aux cu irs et peau x  en  p o il, on ne sa it pas 
en core  actu e llem en t isi le s  changem em ts ob ser­
ves sont dus seu lem en t aux fo rces de v ib ra­
t io n . o u . de ca v ita tion , 011 b ien  a une com bi- 
naison  des deux.
R E V U E  D E  LA L IT T E R A T U R E .
La p rem iere  etude ser ieu se  fut rapp ortee  par  
E rnst et Gutm ann (2) et diiscutee u lter ieu rem en t  
dans un trava il de G utm ann. Leur travail se  
lim ita it au lab orato ire et co n sista it a a cce lerer  
le tannage p ar irrad ia tion  de m orceau x  de 
peau x  de veau  p ick lees, ou des refen tes de 
ch a ir  de cu ir  de vach e  de 2 m m  d ’ep a isseu r, 
dans le  liq u id e  tan n an t. La p eau  en  tr ip e  etait 
tenue a  1 pou ce (2,5 cm ) du transform ateur  
et 'soum ise a une freq u en ce  de 760 k c /s . Le 
tan nage au ch rom e m’eta it pas a cce lere  d ’une, 
fa^ori‘k p p reciab le  (3 h 1 /2  rad ia tion , 3 W /c m 2 ), 
m ais ’on ob ten a it une co m b in a iso n s p lus un i-  
form e avec  la su rface, con feran t au cu ir  une  
cou leu r p lu s fo n cee , p lu s u n iform e. A vec le  
tanin vegeta l, on  o b ten a it une augm entation  ap ­
p reciab le  dans la  v ite sse  de p en etra tion , a une  
in ten site  d ’en v iron  1 1 /2  W /c m 2. £)e r e e u m e  
se p rod u isa it, durant ’les  p h ases in itia le s , par 
su ite  de la lib era tion  de gaz, et la freq u en ce  
de reson an ce  s’ab aissa it. Au b out d ’une heure, 
elle  co in m en ga it a s ’e lever et ap res 3 h  1 /2  
elle  d ep assa it le  dom ain e de l ’o sc illa teu r  b ien  
que la  p en etra tion  du tan in  fut lo in  d ’etre  
com plete . Cette varia tion  dans la freq u en ce de 
reson an ce etant attribuee a l ’ex p u ls io n  de gaz 
et a une alteration  dans la res is ta n ce  de la p eau  
en tr ip e  p en d an t le .d an n age et elle  n e  se p ro­
d u isa it pas lo rs de r irr a d ia tio n  de la liq u eu r  
se ttle ./U n e  liqueur irra d iee  pour son  p rop re  
com pte n e , v oya it pas sa v ite sse  de tannage  
a c c e le r e e ./D e s  resu ltats s im ila ires  furent ob- 
tenus avec  um syn tan , le tannage etant a cce lere  
pluis q u ’avec des tan in s vegetau x. E rnst et Gut­
m ann con clu ren t que l ’effet p r in c ip a l de la 
vibration  u ltrason iq u e est une action  de d ep o­
larisation  sur le s  m o lecu les de taninj b ien  que, 
plus tard , Gutm ann suggere que la  d im en sion  
de la  m o lecu le  est red u ite  p ar deinontage de 
I’en v e lo p p e  d ’h yd ra ta tion , ce  qui augm ente en  
m em e tem ps sa ca p a cite  de reaction . L es m o­
lecu les de ch rom e isont deja su ffisam m en t pe- 
tites pour p en etrer  a isem en t entre les  fib res, 
tandis que la  m o lecu le  de tan in  vegeta l tend  
a obturer le s  ouvertures des pores et a ne  
d iffuser que len tem en t a l ’in ter ieu r . Ces th eo ­
ries sont toutes purem en t con jectu ra les et le s ‘ 
resultats p ou rra ien t etre au ssi fa c ilem en t  
exp liq u es par u ne v ite sse  accru e  de d iffu sion  
due a l ’ouverture d es esp aces entre le s  f ib r ille s  
de co llagen e , isous l ’action  des fo rce s  vibra- 
toires. Le tannage en su rface  p lus u n iform e  
obtenu dans le  tann age au ch rom e sem ble etre  
du p lu s  proibablem ent a un effet sur la peau
plu tot que sur les m o lecu les  de chrom e, les  
vib ration s causant une sep aration  accrue et 
une p lu s grande reactiv ite  des fib re s  super- 
f ic ie lle s .
D ans toutes ces ex p er ien ces , des p recau tion s  
furent p r ise s  p ou r p rev en ir  le rech au ffem en t  
de la liqueur, dont on ne la issa  pas la tem ­
perature d ep asser 27°. D es quantites c o n s id e ­
rab les d ’en erg ie  furen t m ises en  jeu, 1 1 /2  W /  
cm2 corresp on d an t a 1 1 /2  k W /p ied  carre. 
Gutm ann con sta te  que la p u issa n ce  req u ise  
ex c lu ra it l’em p lo i de cr ista u x  de quartz par  
su ite  du cout de l ’installatioin et de l ’op era tion , 
m ais des generateu rs ou em etteurs a m agn e­
to str iction  d on n an t la m em e p u issa n ce  a une  
freq u en ce p lus basise sera ien t p lus p ra ticab les  
sur une large ech e lle  e t il e st im a it qu’une fre­
q u ence de 10-25 k c / s  co n v ien d ra it probaible- 
m ent.
D ’autres ex p er ie n c es  m on treren t que la v i­
tesse de te in ture etait aussi acce leree  de 17- 
25 %, su ivan t la freq u en ce  de la  rad ia tion  et 
la co m p a cite  des fib res. La p ro d u ctio n  de pe- 
ro x y d e  d ’h yd rogen e p eut avoir  un effet la te ­
ral in d es ira b le  sur la cou leur de la te in ture. 
P ar con traste  avec  les  liq u eu rs tan n iq u es ve- 
geta les, u ne am elioration  co n sid era b le  fu t ob- 
tenue en irrad ian t la liq u eu r  avan t d ’y  in tro - 
d u ire les p eau x  et d ans ce  cas u ne d esagrega- 
tion  des particuleis de co loran t est probable- 
m ent im p liq u ee.
Zaft (4) a b revete  1’em p lo i des u ltrason s pour  
la trem pe, la te in ture et la nourriture a des 
freq u en ces de 50-3 000 k c /s  a 0-60°, des v o l­
tages de 220-10 000 V (de p referen ce  6 000 Y), 
et des couraints de 10-200 am peres p ar rad ia- 
teur. D e p etites m olecu les req u ieren t des fre­
q u en ces e levees et v ice -versa .  La ra d ia tio n  est 
a p p liq u ee d ’au-dessus et d ’en -d essou s de la  
peau se m ou vant h o r iza n ta lem en t sur un tran s­
p o r t e r .  On recom m an d e des p er io d es  de ra­
d ia tion  in terrom p u es et une freq u en ce var ia ­
ble. Les tra item en ts suggere,s son t les  su ivan ts  :
T re m p e  : 8 W /c m 2 ; doses de 3 X  3 m in . a 
2 2 ° .
T ein ture  (cu ir  au ch rom e) : 8 W /c m 2 ; dose  
4 m in . a 60°.
N o u rr i tu re  : 8 W /c m 2 ; d ose 4 m in . a 50°.
T ielb orger (5) p reten d  que l ’augm entation  
d ans le pH  d’u ne liq ueur de ch rom e ne reduit 
pais la  v itesse  de tann age sous u ltrason s parce  
que d es agregats m o lecu la ires  ne se form ent 
pas. Dams la n ourriture, la  v ib ra tio n  u ltraso ­
n ique p rod u it une d isp ersion  p lu s f in e  et se  
trad u it par  une p en etration  p lu s forte, la  duree  
se trouvant red u ite  de 40-60 m in u tes a 5-10 m i­
nutes. Les. tem p s requiis son t indiqueis pour une  
liq u eu r de ch rom e a 3 % (40-52 m in .) ; syn tan  
form a ld eh y d e  (165 m in .) et tannage vegeta l 
(e co rce ) (145 m in .). D es d om ain es de freq u en ce  
cQ nvenable pou r le  tan nage vegeta l sont 20-400  
et 680-900 k c /s . P ou r la nourriture, 150, 395, 
ou  962 k c /s  son t reeom m an d es ; dans le  d o­
m ain e de 576-720 k c /s  l ’em u lsion  est detruite.
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* S im o n c in i et C riscuolo  (6) rapporten t les re- 
sultats d ’essa is  de tannage u tilisa n t des v ib ra ­
tions so n iq u es de 100 c / s  ap p liq u ees a travers  
un d iap hragm e de b ase dans un cy lin d re  
•d’ac ier  in o x y d a b le  de 15 1. La liq u eu r tanni- 
que etait r e fro id ie  et m ain ten u e a 16" par c ir ­
cu la tion  d ’eau a travers un serp en tin . U tilisan t  
de il’ex tra it de ch a ta ig n ier  a 35° Bk (4,9° B e), 
reinforce a in terv a lle s , les resu ltats su ivants  
fu ren t obtenuis : ■
P er iod e  P er io d e  D egre
, de tan n age de rad ia tion  de tannage  
; ‘en h eu res en heures
96 '2 3  ‘ 64
141 64
144 33 82
P o to sch n ig  et L ieb sch er  (7) ont breyete une  
in sta lla tio n  dans laq u elle  d es'C u irs ^ o n t  sus- 
p cn d u s dans u n e cuve pourvue de rad iateurs  
u ltrason iq u es ou son iq u es (dom aine de fre­
qu en ce 16-16 000 c / s  in sere s  a travers des dia- 
phragm es ou avec des transform ateurs suspen- 
dus a u -d e s s u s ./L e s  auteurs p reten d en t qu’il 
faut tres peu  cle p u issa n ce , les on d es sont d ites  
frapp er le  c u ir d e  tous ,les cotes avec une force  
presq u e n on  d im in u ee , don n an t a in si u ne p en e ­
tration  u n iform e et un tannage rap id e. La m e- 
th ode est p reten d u e  co n v en a b le  pour la  trem pe, 
le  chau lage e t la  nourriture. L’k n p ress io n  re- 
cu e illie  a la lectu re  de ce b revet est que le 
dessin  de l ’in sta lla tio n  n ’a pas dep asse  la 
ph ase  de la  p la n c lie  a d essin .
Un trava il ru sse  (8) d ecr it I ’ap p lica tio n  des 
ultrason s pour acce lerer  1’ep ilage  et le  tan­
nage. II n ’est pais d on n e de d eta ils  autres que 
l ’in d ica tio n  qu’un ep ilage  sa tisfa isan t a ete  ob- 
tenu en 6 h eu res, la  p eau  etant im m ergee dans 
la liq u eu r d ’ep ila g e  (co m p o sitio n  non  in d i-  
quee), tan d is  qu’aucun  ep ilage  ne se prod u i- 
sait sur une peau tem o in . On ob ten a it le  com - 
p let tann age d ’un co lle t de va ch e  en  18 h eures, 
contre 114 h eu res req u ises pour un co lle t te- 
n,ioin. "
Sch antz (9) u tilise  un ap p areil e lec trom agn eti- 
que de B osch  avec  cou ran t a ltern a tif in d u cteu r  
d o n n a n t 100 c / s  a un  d iaphragm e m eta llique de 
280 m m . On p reten d  qu’il  p eu t etre em p loye  
dans l ’u sin e  cou ran te  et avec  tou s le s  typ es  
de tannage^ C om pare avec  la ra d ia tio n  u ltra­
son iq u e, il est a p p lica b le  a des su rfaces de 
tran sform ateu r p lu s gran d es et il n ’y  a pas  
de r isq u es de dom m age pour le  cu ir  (par la  
ch aleu r ?). L es cu irs fu ren t irra d ies par in te r ­
valles p en d a n t u ne p er io d e  tota le  de 19 h eu res, 
durant 4 jours dan s un m elange vegeta l-tan in  
syn th etiq u e  a 75° Bk (10° B e), un tan n age tres  
u n iform e etant, p ara it-il, obtenu. On d it qu’il  
est, dans b ien  des cas, avantageux d’irrad ier  la  
liqueur avant d ’y  in tro d u ire  les  peau x , b ien  
que la ra ison  n ’en so it  p as in d iq u ee .
U n e in sta lla tio n  au tom atique rem arquable  
pour l ’accom p lisisem ent du tann age vegeta l de  
cu irs en  24 h eu res est d ecrite  par E isen egger
(10). L es cu irs  su sp en d u s a un co n v o y eu r  tra- 
versen t une ser ie  de jus tan n iq u es con ten u s
dans des can a lisa tion s en p ierre , tan d is qu’ils  
sont sonm is a l ’irrad ia tion  p roven an t d ’une 
b atten e  de tran sform ateurs a m agn etostr ic ­
tion  in seres dans les paro is du can al et a uii 
brassage con tin u  servant a agiter le jus. II e st  
n ecessa ire  de degazer le  jus par u ne irra d ia ­
tion  p re lim in a ire  avant d’y  in trod u ire  le s  
cu irs et de cou vrir  les  jus avec  de l ’h u ile  co- 
loree pour exc lu re  la  lu m iere  et l ’air. La ra ison
' de ces  p recau tion s n ’est pas exp liq u ee.
Un rap port de l ’lm stitut de R ech erch e  de 
R egensb urg  (11) sign a le l ’in su cces  dans l ’o b -  
ton tion  d ’une augm entation  q u elcon q u e dans la  
v itesse  de tannage avec  de l ’ex tra it de quebra­
cho n on  su lfite  par irrad ia tion  a 1 et 3 M c/s  
(M egacycles par secon d e) et des in ten site s  r,e- 
la tivem en t eleveeis. L’extra it resta it ega lem en t
i" chan8/ .  /  i N s e f c y
DISCUSSION.
It est ev id en t que tres p eu  de travail sy s te -  
m atique a ete fa it —  si tant est q u ’il en ait etc  
en trep ris —  sur 1’in flu en ce  de c o n d it io n s  te lle s  
que freq u en ce  et in ten site  de rad ia tion . D e  
plus, ^ ’in flu en ce  du p o id s  m o lecu la ire  et de la 
co n stitu tio n  des maticreis tan n an tes sur la v i­
tesse  de p en etration  du tan in  requiert une etu­
de. Le trava il rap portee d ’u ne facon  d eta illee  
s ’est red u it a une m arge etro ite  de c o n d it io n s . 
On n ’a r ien  en trep ris pour e lu c id er  le  m eca- 
n ism e des resu ltats observes, b ien  qu’une p e n e ­
tration  de co loran t accru e  in d iq u e  une deisar 
gregation  des p articu les  ■ de couleur.
A bstraction  fa ite des ob serva tion s de T ieL  
borger, i f ’n ’y  a p as d ’ev id en ce  que la freq u en ce  
so it critiqu e sur un tres large d om ain e, b ien  
qu’il p u isse  b ien  y avoir  un optim um  pour  
une o p era tion  p articu liere . On ne sa it pas s i la 
ca v ita tio n  est d esirab le , cdr s’i l  en est a in s i, 
des freq u en ces p lu s b asses p ou rra ien t s ’averer  
plus e ffiea ces. U ne d ifficu lte  s ig n a lee  pour de 
hautes freq u en ces (2) est une a ltera tion  de la 
freq u en ce  de reson an ce  du system e peau-trans- 
form ateur p en d an t l ’ex ecu tio n  du tannage, a lte­
ration  qui p ou rra it etre m oin s grave a de b asses  
frequences;/' S u ivant G utm ann (3), l ’energie  
acou stiq u e n ecess ite  des augm en tation s quand  
la freq u en ce  d im in u e ; il  est ca lcu le  que 
10 k c /s  n ecess itera ien t en v iron  400 fo is  plus 
de p u issa n ce  que 200 k c /s  ; tou tefo is , 400 kW  
de p u issa n ce  acou stique a 10 k c /s  sont reali- 
sab les b ien  p lu s a isem en t et 5 m eilleu r  com pte  
que ne l ’est 1 kW  a 200 k c /s . M alheiireusem enL  
les b revets  ou  de b asses freq u en ces sont spe- 
c if ie e s  com m e con ven ab les ne don n en t pas 
d’in d ica tio n  sur le s  ex ig en ce s  de p u issan ce .
. II est tres p eu  sp ec ifie  que p ar em plo i de 
v ib ra tion s son iq u es ou u ltrason iq u es, le  produif 
so it superieur a ce lu i obtenu  avec  le m ode ope- 
rato ire norm al. La p lupart des auteurs onjt 
trava ille  avec  de p etits  m orceau x  de peau e| 
n ’on t pas fin i le  cu ir . F ridm an  et autres (8) 
con sta ten t qu’ilis ont tan n e u n  co lle t de va­
che do p o id s m oyen  et que le. cu ir  a une ple: 
n itu d e sa tisfa isan te  et une bon n e, structure fir
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breu.se, m ais il n ’a pas ete com p are avec  un  
cu ir  tem oin . Le seu l a vantage probab le est une  
d im in u tio n  dans la duree de l ’op eration , la ­
q u elle  pourrait, dans la p lu p art des cas, etre 
.ob ten u e  au ssi b ien  par ag itation  m ecan ique. 
D es ex cep tio n s  sera ien t p o ss ib le s , par exem p le , 
dans le chaulage de p eau x  de veau x  et de 
peaux p our gan terie  ou une action  m ecan iq u e  
in ten se  e st  indeisirable et dans le tannage de 
c u ir s  lo u r d s ./ L ’econ om ie  de tem ps dans les  
d eu x  p rem iers cas ne ju stifiera it p as r in sta lla -  
tion  sp ic ia le  de T eq u ip em on t u ltrason iqu c. 
La oil les op eration s sont n orm alem en t execu - 
tees dans un ton n eau  ou une cou d reu se , i l  n ’y  
n pas de ra ison  d’effectuer le ch aogem en t. II 
y  a le cas oil un nouvel eq u ip em en t est a en v i-  
sager. le i  in terv ien n en t des fa c teu rs tels que 
cout com p ara tif d ’in v estissem en t de cap ita l, 
fra is  d ’en tretien  et de fo u c tio n n em eo t, e ffica -  
c ite  et versa tilite . II est im p o ssib le  d ’arriver  a 
d es ehilFres p rec is  pour le s  quatre prem iers  
jm in ls san s avoir en vue une a p p lica tion  par- 
ticu liere  q u elcon q u e, m ais c ’est le  d ern ier qui 
m erite d'etre en v isage  ser ieu sem en t. D es ton- 
neau x e t cou d reu ses p eu ven t etre u tilise s  p our  
chaqu c ph ase d u 't r a v a i l /d e  r iv iere  dans la  
fa b r ica tion  du cu ir leg ery D es generateu rs u ltra­
son iq u es req u ieren t d e s 'c u v e s  ou  fo sses  qui 
-out une ap p lica tio n  tres lim itee , ta n d is  que 
J’eq u ip em en t im e ite u r  est lu i-m em c tres cofiteux  
et ne peut pas etre u tilise  pour un autre pro- 
pos. U n grand noinbre de cu irs ou p ea u x  ne 
p eu vent pas etre tra ites s im u ltan em en t, ca r  la 
rad ia tion  est fortem ent ab sorb ee  et ne traver- 
sera it pas d ’une p eau  a .1’autre (a m o in s que des 
in ten sites  su ffisam m en t e lev ees so ien t em ­
p lo y ees qui su rch au ffera ien t le s  p ea u x b  Uha- 
que cu ir  ou p eau  d o it etre ti'aite in d iv id u e lle -  
m ent et d o it etre irra d ie  a un  angle de m o in s  
de 15° par rapport a la norm ale, autrem ent la 
rad ia tion  est tota len ien t re fle ch ie  (1), P our l ’ap- 
p lica tio n  co m m ercia le , l’in d ic a tio n  est fa ite  
(cf. brevet E isen egger  (10) d’une cu ve  longue, 
e lro ite , dans laq u elle  le s -cu ir s  ou peau x  passen t 
sur un co n voyeu r  et n ece ss iten t un traitem ent 
re’ativem en t court "ou alternati vem ent un sys- 
fem e de baquet m ouvant. Le con tro le  de la tem ­
perature doit etre p ris ser ieu sem en t en c o n s i­
deration . D es q u an tites co n sid era b les  de ch a ­
leur peuArent etre en gen d rees et d o iven t etre  
e lim in ees  pour ev iter r e n d o m m a g e m e n t, par 
la chaleuL xm  d’autres efFets adverses.
On pent retircr un certa in  b en efice  dans le 
d om aine du tannage du cu ir  lourd . La p er io d e  
requise pour le com p let tannage peut etre re­
duite de m o is a jours, m ais la q u estion  dem eure  
de savoit* si, su p p osition  fa ite  d ’un p rod u it  
d’egale va leur, le coiit de l ’in sta lla tion  sera it  
com p en se par l ’eco n o m ie  de, cap ita l in v esti,; 
pour le s  cu irs  en fa b r ic a t io n /L ’in sta lla tion  la 
m eilleur m arch e est ce lle  basee sur des o s c i l­
la tions ecctrom agn ctiq u es a 100 c /s ,  c ’est-a- 
dire doubles de la freq u en ce gen erale , m ais  
cec i est b ien  dans le dom ain e au d ib le  (un peu  
au-dessous du d om ain e in fer ieu r  d ’audio-fre- 
(piences C). T.a m ajcure partie du son serait
re flech ie  par l ’in terface  air-eau m ais a des in- 
ten sites e lev ees su ffisan tes  pourrait traverser  
pour le  ren d re insupp ortab le.
It n ’a p as ete fa it m en tion  de f  em plo i p o ss i­
ble des .ultra-sons pour le degraissage et pour  
l ’ep ilage sans prod u its ch im iq u es. II est con ce- 
vable que les u ltrasons p ou rra ien t etre em ­
p lo y es  en co n jo n ctio n  avec l ’op eration  de d e­
graissage a la p ara ffin e  par d egradation  de la 
d im en sion  des g lob u les de p ara ffin e  en d essou s  
de ce lle  qui est norm alem en t attein te. L ’em ulsi- 
f ica tio n  requiert de basses freq u en ces et p ou r­
rait etre exeeu tee  dans un system e externe- u ti­
lisant' des generateurs a s iffle ts , qui sont d’une 
fab rica tion  s im p le  et ont u ne e ff ic a c ite  e levee.
La te in ture est une autre op eration  ou les  
iiltrasons p ou rra ien t etre kvan tageusem ent u ti­
lise s  avec  des co loran ts kyant un  fa ib le  pou- 
vo ir  de p en etration . P ar red u ction  de la  d i­
m en sion  de p articu le  une m eilleu re  p en etra tion  
pourrait etre a ttein te, ev itan t a in s i u n e  d ep o­
sitio n  e x c e ss iv e  a la su rface, avec  fa ib le  r e s is ­
tan ce  au fro ttem en t co n secu tiv e . T an d is que les  
fib res tex tile s  p eu v en t 6tre tra ites par un pro- 
ced e con tin u , i,l sem b lera it p lus p ratiq u e pour  
le  cu ir  de tra iter la so lu tion  de teinture se- 
p arem ent, p ourvu  que les p articu les de co lo ­
rant d esagregees so ien t su ffisam m en t stab les ( 
pour ne pas se re-agreger d ’une m an iere ap- V 
p rec iab le  p en d an t r e x e c u tio n  de la te in tu re . II 
y  a p o ss ib ilite  d’o x yd ation  du co loran t sur- 
venant p en d an t T irrad iation .
CONCLUSIONS
P our les op eration s de la fab r ica tion  du cu ir  
leger im p liq u an t trem pe, chaulage, tannage et 
nourriture, les u ltrason s ne p a ra is sen l p as olFrir 
des avantages qu elcon q u es su r  le s  m eth od es ha- 
b itu elles recou ran t a l ’em p lo i d ’action  m eca ­
n iq u e ./L a o u  l ’action  m ecan iq u e est in d es ira b le  
le cou t de l ’eq u ip einent u ltrason iq ue ne sem - 
ble pas ju stif ie  par 1’eco.nom ie de tem ps. 
D es a p p lica tio n s pratiq u es p o ss ib le s  co n sisten t  
dans l ’em p lo i des u ltrason s com m e adjuvants 
en vue d ’une m eilleu re  em u lsifica tio n  dans le  
p rocessu s de d egra issage a la  p a ra ffin e  et d’une  
m eilleu re  p en etra tion  des co lorants.
D ans le  tannage du cu ir  lourd, le  tem ps re- 
quis h ab itu ellem en t peut etre d im in u e d ’u n e  
fac.on su b stan tie lle , m ais il  sem ble b ien  dou- 
leu x  que le cap ita l in v es ti dans l ’iinstallation, 
la m arch e et l ’en tretien  de cette  d ern iere  soit 
com p en se  par l ’eco n o m ie  rea lisee  dans le  ca ­
p ita l in v es ti pour les  cu irs en p o il, e t que les  
avantages a recu e illir  ju stif ien t le vo lum e co n ­
sid erab le  de rech erch e  et de develop p em en t 
op era tion n el n ecess ite .
Un brevet jap on a is (12) couvre l ’em p lo i des 
u ltrason s dans le tannage et la  te in tu re  des 
cu irs, m ais nous ne d isp o so n s p as presente- 
m ent de trad u ction  de ce d ocum ent.
B o l’shakov (13) p reten d  ob ten ir  une red u ction  
de 50-80 % dans la duree du tra item en t cu irs  
en poil pour leu r  co n serva tion  en le s  soum et- 
tant en saum ure a des v ib ra tion s u ltrason iques
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b de 300 k c /s . La v itesse  d ’extraction  des pro- 
te in es ne oon trib u an t pas a la  form ation  de  
cuir est accru e et les  m icroorgan ism es sont p lus  
a isem en t e lim in es de la  su rface  de la peau. U ne  
au gm entation  de 20 % dans la tem perature en 
30 m in u tes n eeess ita it le re fro id issem en t perio- 
dique de la  saum ure.
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REVUE DE LA PRESSE
CONSERVATION 
DES CUIRS ET PEAUX EN POIL
LTNFLUENCE DE LA TEMPERATURE SUR 
L’ABSORPTION DE SEL PAR LE CUIR DE 
BOVIN PENDANT LE SAUMURAGE (The 
Influence of Temperature upon the Lptake of 
Salt during Brining), Raymond Hauck e t Robert 
M. Lollar, Ja l ALCA, 1958, LIII, Mars, 149.
L’in flu en ce  de tem peratu res e levees pendant 
de eou rtes p er io d es  de tem p s sur le  saum urage  
de cu ir  de b o v in  a ete etu d iee  su ivant un p r e ­
ced e  co n sista n t a d ecou p er  le  crou p on  en  deux  
parties recta n g u la ires  de ch acu n e  24 p ou ces  
(60,9 cm ) de largeur, ch acu n e d e  ces parties  
etan t d iv ise e  en 9 b lo c s  rec ta n g u la ires  et cha- 
cun  de ces d ern iers en 3 m orceau x  de 6 X 8 
(p ou ce =  2,54 cm ). L ’une des m o itie s  du crou ­
p on  fo u rn it les e ch a n tillo n s  tem oin s. On a 
saum ure le s  m o rcea u x  a in si p re leves p end ant 
d es p e r io d e s  de 1 1 /2 , 3, 4 1 /2  et 24 h eu res  
a d es  tem p eratu res resp ec tiv em en t de 73°, 98° 
e t 120° F  (23°, 39° et 49° C). Le rapport de 
cen d re  a l ’h u m id ite  recom nu pour les m orceau x  
saum ures p en d a n t de eou rtes p er iod es et gar­
d es 30 jours eta it de l ’ordre de 5,02 %  a 
12,12 %, ta n d is  que le  m em e rapport pour des 
m orceau x  saum u res 24 h eu res et gardes p en ­
d ant 30 jours eta it de l ’ordre de 21,20 % a 
27,42 % .  II est d on e e v id e n t que des tem p era­
tu res e lev ees p en d a n t de eou rtes p er iod es de 
tem ps ne con feren t p as un (saumurage con ve- 
nab le  au cuir.
P . G.
GRAISSES POUR CUIR
SUR LA PRODUCTION D’AGENTS DE 
GRAISSAGE DU CUIR PAR ADJONCTION DE 
BISULFITE ET DES HUILES NON SATUREES 
(Ueber die Herstellung wasserloslicher Lederfet- 
tungsm ittel durch Anlagerung von Bisulfit an 
ungesattigste Ole). II. La sulfitation de l’huile 
de spermaceti (Die Sulfitierung von Sperm ol), 
A. LXuntzel e t L.K. Schworzer, Das Leder, 1958, 
IX, 49.
D ans une p reced en te  co m m u n ica tion  (D as 
L eder, 1957, VIII, 5) les au teurs ava ien t deja  
exp ose  leu rs in v estig a tio n s  tou ch an t un p roce-  
de, d ecrit d ’une fa^on quelque peu  im p rec ise  
dams des brevets, pour la  su lfita tion  o x y d a tiv e  
de l ’h u ile  de sp erm aceti. Ils y  rev ie n n en t d’une  
facon  p lus ap p ro fon d ie  dans le p resen t trava il, 
ap p liq u an t a I’h u ile  de sp erm aceti du cach a lo t  
(P ottw al) le  p roced e  de su lfitation  o x y d a tiv e  
qu’ils  ava ien t u tilise  pour l ’h u ile  de rnorue et 
avec leq u el ils  ava ien t obtenu les m eilleu rs re­
su ltats dams un dom ain e de tem perature entre  
75-80° et avec  le  rap port de com p osan ts su i­
vant H u ile  : le s s iv e  iDisulfitique (38-40 % ) — 
1 : 1 ;  r a ff lu x  d’air  au m elange de com p osan ts  
d o it etre fa it de fa^ on  te lle  que ne se p ro d u ise  
pas une form ation  trop ab ond ante de d er ives  
d ’a c id e  gras o x y d es  et su rtout qu’une oxyd ation  
du b isu lfite en b isu lfa te  fortem en t a c id e  ne  
su rv ien n e  pas. Le com trole d ’a d d u ction  d’a ir  
est assure p ar la m esure du pH , si la  valeur de  
ce  d ern ier d ecro it 'd’une facon  notab le, e ’est 
que l ’ad d u ction  d’a ir est trop forte et q u ’il 
co n v ien t de la  refren er . La duree de la renc-
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Tests with Ultrasonics for Dewoolling and Unhairing
By G. H. Green
SYNOPSIS
Wool sheepskins and other types of skin have been 
subjected to treatment with ultrasonic vibrations under a 
wide range of conditions. Although a small degree of 
wool loosening was achieved in some experiments with 
sheepskins, it was insufficient for commercial pulling and 
consistent results could not be achieved. N o loosening 
was obtained with other types of skin.
N o changes in the skin could be observed under the 
microscope following ultrasonic treatment. When wool 
loosening possibly did occur the wool fibre was removed 
complete with root and follicle wall.
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INTRODUCTION
Since the second world war ultrasonics have been finding in­
creasing industrial applications in fields such as emulsification, 
dispersion and drilling11'. Their possible use in various stages of 
leather manufacture has been reviewed'2', the main aim here being 
to increase the rate of tannage, particularly vegetable tannage, 
though liming and dyeing may also be accelerated. As far as is 
known, none of these processes has been applied commercially. 
Another possible application, which has not received any attention, 
is that of unhairing and dewoolling in the absence of chemicals. 
The fact that ultrasonic vibrations can cause depolymerization of 
high molecular substances and disaggregation of particles suggests 
that it may be possible to loosen hair in skin by some specific 
action say on the epidermis or wool root. To test this possibility 
a number of experiments have been carried out using a wide range 
of frequency, intensity and duration of treatment. The majority of 
the work has been carried out on wool sheepskins for two reasons.
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ULTRASONICS FOR DEWOOLLING
Firstly there is more need with this type of skin than with any 
other to find an alternative to sulphide because of the damage 
which it does to the wool, and secondly it is easier to measure 
quantitatively the looseness of wool of reasonable length than with 
most types of hair.
EXPERIMENTAL
R a w  M a t er ia l
Fresh and wet-salted domestic hoggets and sheepskins; dry- 
salted Merino sheepskin soaked 24 h in water, stretched and re­
soaked a further 24 h; dried hair sheep soaked similarly; wet-salted 
oxhide washed free of salt overnight in. running water. Pieces 
about 3 in. square were used.
M e a s u r e m e n t  o f  W o o l  L o o s e n in g
This was carried out by the Depilation Load (D.L.) method of 
Lennox(3) as modified by Green(4).
U l t r a s o n ic  T r e a t m e n t
A piezo-electric generator was used for frequencies of 2 m /c , 
1 m /c  and 500 k /c  per sec and a magneto-striction generator for 
16 k /c  per sec. The intensity was varied from 0-5-100 w atts/cm 2 
transducer area. Both the skin and transducer were immersed in 
water for the treatment, the waves being directed at right angles 
towards the flesh side in most cases. In a few experiments the hair 
side was directed towards the transducer but this was expected to 
be less effective owing to the high attenuating effect of the hair 
or wool.
The results of the first series of experiments with sheepskin 
under a wide range of conditions are recorded in Table I. Pre- 
viously(4) it was established that for very easy pulling a D.L. of 1 • 0 
was required, whilst 1 0  or above was considered too stiff for com­
mercial pulling. It is uncertain whether any loosening attributable 
to the ultrasonic treatment did occur, and in any case no wool 
became loose enough for commercial pulling. The only significant 
effect was due to salting or brining the skins which produced appre­
ciable loosening”' in some cases. It was observed that during the 
treatment the skin heated due to absorption of the ultrasonic 
energy and with high intensities the temperature rose above the 
shrinkage temperature.
In the second experiment a comparison was made between 
loosening by ultrasonics and by treatment with ammonia and 
sodium carbonate solutions. Wet-salted domestic and dry-salted
24
GREEN
T a b l e  I
I n f l u e n c e  o f  U l t r a s o n i c  I r r a d i a t io n  o f  S h e e p s k i n  u n d e r  V a r i o u s  
C o n d i t i o n s  o n  L o o s e n i n g  o f  t h e  W o o l .
Skin A—hogget; skin B— shearling. Temperature 15 °C.
Skin
Piece
No. Position Pre-treatm ent
In tensity  
( w atts/ 
cm 2)
Tim e
(sec)
Depilation
load
N o. of 
staples
Mean
D .L .
A 1 Body 12-5 0 5 36
2± 5 61
30 1 51
300 1 35
B 2 Body 12-5 0 5 38
2* 5 39
30 1 35
A 8 Body Soaked overnight 12-5 0 5 66
5 5 55
30 1 45
A 4 B elly Soaked overnight 12-5 0 5 78
J, 5 5 50
30 1 57
A 5 Backbone Soaked overnight 12J> 0 5 69
5 5 65
- 30 1 39
A 6 N eck Soaked overnight 1 2 5 0 5 78
30 1 55
A 7* Body Soaked overnight 12-5 0 5 79
30 1 60
B 8 Body Soaked overnight 50 0 5 45
30 1 38
B 11 Body Soaked overnight 3-3 30 1 22
A 3 Body Salted, soaked 50 0 5 60
overnight 5 2 43
60 2 47
A 18 Body Salted, soaked in short 50 0 5 43
float 5 2 49
60 2 50
A 13 Body Brined in 10% salt, 50 0 5 50
soaked overnight 5 2 53
A 23 Body Brined in 5% salt, 50 0 5 27
soaked overnight 5 2 22
B 14 Body Salted, soaked 50 0 5 30
overnight 5 2 21
B 19 Body Salted, soaked in short 50 0 5 23
float 5 2 21
B 8 Body Brined in 10% salt, 0 5 26
soaked overnight 9-2 60 2 17
30 60 2 20
62-5 60 2 21
100 60 2 IS
A 5 Backbone Salted, soaked 9-2 60 2 37
overnight 30 60 2 53
62-5 60 2 50
' 100 60 2 45
* Thick layer of fat present on flesh. 
25
[iC o n tin u ed  
o ver lea f.
ULTRASONICS FOR DEWOOLLING
T a b l e  I — continued
Skin
Piece
No. Position Pre-treatm ent
Intensity
(w atts/
cm 2)
Tim e
(sec)
Depilation
load
No. of 
staples
Mean
D.L.
B 9 Body Brined in 10% brine,
soaked overnight 50 60 2 16
B 11 Body Brined in 5% brine, 17 60 2 18
soaked overnight 50 60 2 20
100 60+
B 15 Backbone Salted, soaked 17 10 2 30
overnight 50 10 2 40
100 10f
B 2 Body Brined' in 5% brine, 50 10 5 16
soaked overnight
A 23 Body Brined in 5% brine, 50 10 5 28
soaked overnight
f  Thermal shrinkage occurred.
M erino sheepskins treated over the range 16 k /c -2  m /c  per sec 
at intensities of 0 -5-25  watts /c m 2 again failed to produce signifi­
cant loosening, whereas treatment with the alkaline solutions 
reduced the D .L . to about half (to 13 and 10 respectively for the 
two skins).
T o check whether delay in treating fresh skins m ight render 
the ultrasonic treatment ineffective, sheepskins were treated within  
1 hour of flaying. The power used was 8 w atts/cm 2 at a frequency  
of 1 m /c  for periods up to 6 min. Evaluation of w ool loosening  
was m ade m anually. N o  loosening whatsoever could be detected. 
Further tests were m ade under the sam e conditions on the fo llow ­
ing sk in s:
Fresh sheepskins two days after flaying.
W et-salted hogget, soaked to rem ove salt.
Dry-salted Cape sheepskin, soaked to rem ove salt and  
stretched.
Dried hair sheepskin.
W et-salted oxhide.
Fresh sheepskin, lim ed two days.
W et-salted hogget, lim ed two days.
Dry-salted Cape sheepskin, lim ed two days.
Dried hair sheepskin, lim ed two days.
W et-salted oxhide, lim ed two days.
A ll the assessm ents were m ade m anually. W hen the w ool was too  
tight to pull initially without damaging the pelt, it remained so 
after treatment. W hen it was partially loosened by the lim e no 
further loosening could be detected.
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Som e of the treated pieces of salted sheepskins from the first • 
experim ent, where there appeared to be an appreciable degree of 
w ool loosening (A 3 , B 14), were fixed in form alin and sections 
stained with a variety of stains including A zur A , haem atoxylin- 
eosin and W eigert’s elastin stain. N o  differences in these or in 
unstained sections were observed in com parison with sections from  
untreated skin. A  difference was noted, however, in the w ool 
fibres them selves. W hereas before treatment no follicle was w ith­
drawn with the w ool fibre, the fibres after treatment had an appre­
ciable am ount of fo llicle wall attached. It w ould appear that som e 
change had occurred in the basal cells o f the epidermis of which  
the w ool sheath is part. It is not necessary, however, to attribute 
this change directly to the ultrasonic vibration as it m ay have 
been due to the heat generated. It is known that the hair and 
epidermis can be loosened from  fresh skin merely by treatment 
with hot water a little below  the shrinkage temperature o f the 
skin(5).
CO NC LUSIO N S
It is possible that under certain conditions of treatment a 
slight degree of w ool loosening can be achieved with ultrasonics 
but the degree of looseness achieved is far from sufficient for 
com m ercial pulling. N o  appreciable loosening has been achieved  
with hair sheepskin and oxhide. N o  further loosening of w ool or 
hair occurred on subjecting to ultrasonic treatment lim ed skins 
where the hair had already been partially loosened.
The Research A ssociation  is indebted to M essrs. M ullard, 
Ltd., for providing facilities and equipm ent for these experiments 
to be carried out, and to Messrs. Strong, R aw le & Strong, Ltd., 
for facilities and skins.
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EFFLUENT DISPOSAL IN  THE LEATHER INDUSTRY ^
A Summary of the Present Position
By G. H. Green ...  .....
Tr a d e  e f f l u e n t  may be disposed of in  three ways : (i) into a river or stream, (ii) into the sewer, and (iii) by land irrigation. T h e last, w hilst im portant in  som e parts of the world where land is comparatively plentiful, is uncom m on in Great Britain 
and is not considered further. T h e problems involved in the disposal of tannery effluent 
into rivers and sewers vary w idely according to the type of leather production, in par­
ticular between heavy and light leather and between vegetable and chrom e tannage, and 
also according to local conditions.
T h e legal aspects are the concern of the Trade Federations and not of the R .A ., but 
a brief reference to the general position affecting discharge into non-tidal streams 
m ay be useful. U ntil the m iddle of the last century, rivers and streams were 
the usual outlet for sewage and trade effluent, but the rapid growth of industry and 
associated population in certain areas during the latter half o f the century was leading 
to a difficult situation. A lready between 1865-74 Rivers Pollution Prevention Com­
m issions were enquiring into river pollution and the Rivers Pollution Prevention Act 
1876 follow ed their final report. T h e developm ent of sewage works began and in 1903 
a Royal Com m ission advocated that trade effluents were best treated in a sewage works 
after preliminary treatment (removal of bulk of suspended solids and neutralization) and 
m ixture w ith dom estic sewage. Standards were recom m ended for the purity of the 
sewage works discharge into rivers in 1908 and 1912. These were not more than 
30 p .p .m . .suspended matter and 20 p .p .m . biochem ical oxygen dem and (B .O .D .). 
U nder the Rivers (Prevention of Pollution) A ct 1951, any factory w ish ing to m ake a 
n ew  or altered discharge direct into a river or stream m ust obtain the consent of the 
River Board, w hich m ay im pose conditions. In the case of existing discharges, it was 
the original intention that the River Boards should m ake bye-laws prescribing standards 
with w hich effluents m ust com ply. T h is procedure has presented certain difficulties, 
however, and no River Board has yet obtained bye-law powers of this nature. A s the 
law  n ow  stands, unless bye-laws have been m ade, M inisterial consent is required before 
a River Board can take legal procedings against an alleged polluter. After 1961 this 
restraint may be rem oved, but it w ill be a defence for the trader to show  that it is neces­
sary for him  to discharge directly or indirectly into a stream, and that all reasonably 
practical steps have been taken to m inim ize thp pollution.
Factors w hich influence the degree of pressure a River Board may bring to bear are 
the extent of the pollution in relation to the natural purifying capacity of the river, the 
extent of interference w ith  riparian rights o f owners of the land on the lower banks 
especially the effect on fish life and the use of the water by cattle, and the extent of other 
sources of pollution. T h e type o f treatment w hich m ay be considered reasonable is the 
adjustm ent of the p H  value and the rem oval of excessive settleable solids. It is not un­
likely, however, that a gradually increasing pressure w ill be brought to bear, and the 
future m ay see more stringent dem ands by River Boards.
Common Law also has important repercussions on industry, since every riparian 
owner has a right to receive the water o£ his stream in its natural flow without sensible 
diminution or increase, or alteration in character or quality.
The effects produced by the uncontrolled discharge of trade effluent into rivers, 
streams and sewers are described below with particular reference to tannery effluent.
DISCHARGE INTO RIVERS AND STREAMS
T he introduction of untreated tannery effluent into a river may have four conse­
quences : (i) Suspended solids may cause silting, turbidity and interference with the 
breathing of fish; (ii) Discoloration may occur due to ferrous sulphide, dyestuffs and 
vegetable tans (particularly in the presence of iron compounds which may occur naturally 
in the water); (iii) Toxic materials, particularly acids, alkalis and sulphide may poison 
the animal and vegetable life and also the microbiological life (bacteria and protozoa) 
on which the natural purification processes depend; (iv) Anaerobic conditions may 
develop due to overloading the natural purification capacity by organic matter such as 
protein and inorganic reducing agents such as sulphide and thiosulphate. Natural 
purification depends on the oxidation of organic matter by atmospheric oxygen through 
the agency of aerobic micro-organisms (i.e. which require oxygen) and the end-products 
are simple substances such as carbon dioxide and nitrate. Inorganic matter capable of 
oxidation is often oxidized directly by the dissolved air. In both cases depletion of the 
dissolved oxygen in the water results, and this is restored by oxygen dissolved at the 
surface. Fast-flowing, turbulent rivers are able to dissolve oxygen more quickly than 
slow-flowing ones, and hence have a greater purification capacity. If the purification 
capacity is .exceeded, the aerobic micro-organisms die and their place is taken by 
anaerobic ones (i.e. which do not require oxygen). Although anaerobic bacteria break 
down organic matter, they do so more slowly and what is more important, the 
breakdown is not so complete and the final products such as amines and fatty acids often 
have obnoxious smells. In addition some species of anaerobic bacteria can reduce sul­
phate to sulphide.
DISCHARGE INTO SEWERS
Local authorities who accept trade effluent into their sewers are concerned that it shall 
give rise to no danger or nuisance and have no deleterious action, either by chemical 
action on the fabric of the sewer, pumps and other sewage works installations (authori­
ties near the coast may discharge directly into the sea without treatment), or by 
mechanical blockage of the sewer by settling of suspended matter or carbonation of lime, 
or by interference with the biological processes. This applies to the effluent on its own 
or after admixture with any other types of trade effluent likely to be present in the sewer. 
The extent of any deleterious action depends on many factors. The main considerations 
are the size of the sewer, rate of flow of liquid in it, and the proportion of tannery 
effluent to domestic sewage and other trade effluent. If the dilution is sufficiently 
large, any deleterious chemical or biological effects will be reduced to negligible propor­
tions, and a sufficient rate of flow will prevent settling off suspended matter. It is 
customary for Agreements with local authorities to contain a clause limiting the rate 
of discharge to a certain volume per hour. Discharge is sometimes permitted only dur­
ing the daytime, so as to ensure adequate dilution with domestic sewage. Other clauses
may limit the temperature of discharge (usually n o ° F  which is higher than any tannery 
discharge), the pH  of discharge and suspended solids. Some Agreements incorporate 
lim its. for specific toxic materials known to be used. Chromate is extremely toxic 
to bacteria, and plating works are expected to remove it to below 2  p.p.m. (as chromium). 
Some local authorities do not distinguish between hexavalent chromium (chromate) and 
trivalent chromium (as used in tanning). The latter can be tolerated by bacteria at 
relatively high concentrations, and is in any case eliminated by neutralization and settling.
Treatm ent at the sewage works usually involves a coarse filtration or screening, a 
period of settling in pits fitted with oil and scum traps, biological treatment in either a 
percolating filter or activated sludge plant and a final settling to remove sludge produced 
in the biological treatment. The removal of the bulk of suspended solids before dis­
charge into the sewer reduces the danger of blockage of the sewer by sediment and the 
labour and cost of removing the material from the settling pits at the sewage works.
Recent work by the Research Association has shown that up to 0 .0 2 %  N a2S can be 
tolerated by sewage plant bacteria. Bearing in mind the dilution which sulphide liquors 
undergo, both in the tannery and in the sewer, this figure is unlikely to be reached in 
the sewage which undergoes biological treatment. Furthermore, sulphide readily under­
goes atmospheric oxidation and may be substantially if not completely eliminated during 
its passage along the sewer.
TREATMENT OF TANNERY EFFLUENT BEFORE DISCHARGE
Complete treatment of tannery effluent in order that it will comply with the Royal 
Commission standards would need so elaborate and costly a procedure that no tanner 
could contemplate undertaking it. Whilst even a pretreatment before discharge into a 
sewer presents difficulties, a rough settling, adjustment of pH  and control of discharge 
rate might be practicable,. Further purification would require elaborate plant.
S u s p e n d e d  S o l i d s
These comprise mainly lime (free and carbonated), chromium hydroxide, calcium 
tannate and insoluble protein. The calcium tannate is particularly bulky. Used lime 
liquors settle much more slowly than freshly prepared liquor due to the protein present.
The efficiency of settling systems depends on the average retention time, degree of 
turbulence and the presence of mechanical aids to assist coagulation. The simplest 
system consists of one tank or pit which is filled, settled and run off daily. Two tanks 
may be operated on alternate days to give a longer period for emptying, or one used as a 
catchpit and the second for settling. The sludge is usually fluid enough to be run away 
or pumped out at intervals. A continuous treatment can be effected by running the 
effluent through a series of pits with gravity flow from one to the next. The bulk of 
the suspended solids is removed in the first pit and progressively less in subsequent ones. 
Any pit can be by-passed for sludge removal. More complicated plant is available in­
corporating some mechanical device to accelerate settling.
Some tanneries are able to dispose of the sludge in liquid form, but in others it is 
given a preliminary drainage on coke beds, then it is dug out and heaped on waste 
land to dry out further. Digestion of the sludge as normally carried out at sewage 
works is not practicable owing to the low content of organic matter in tannery sludge 
and the high alkalinity of lime sludge. Several local authorities provide—by means of
gulley cleansers—a sludge collection and disposal service. Difficulties in dewatering 
have arisen in some cases due, it is believed, to the presence of calcium tannate or to a 
high proportion of material of colloidal dimensions in the sludge. Methods for treating 
such sludges are being investigated by the Research Association.
pH  A d j u s t m e n t
This is most advantageously carried out on the combined liquor prior to discharge 
unless this would produce a precipitate in which case the pH  would be adjusted before 
setding. Lime liquors should always be setded first to avoid having to neutralize the 
suspended lime, whilst waste chrome liquors must be treated separately if chrome is 
to be recovered. The usual combined tannery effluent is slightly alkaline and normally 
acceptable.
S u l p h id e
Despite considerable work no completely satisfactory method of removing sulphide 
from tannery effluent has been found. Several methods have been tried but all suffer 
from serious disadvantages. If air is blown through the waste liquor in a column filled 
with scrap iron the sulphide is oxidized but the process is rather slow for concentrations 
of sulphide as normally used in light leather manufacture. Oxidation can be carried out 
with chlorine according to the equation
N a2S +  Cl2 =  2 NaCl +  S 
i lb. anhydrous sodium sulphide (equal to 1 .6  lb. fused or 3  lb. crystal) requires 1 lb. 
chlorine. Since the price of chlorine varies between 4 d. and 8 d. per lb. the process is 
economically not practicable.
Another method is to precipitate the sulphide as insoluble ferrous sulphide with 
copperas (technical ferrous sulphate, about 9 0 %  FeSO^yH^O). 1 lb.. N a2S requires 
4  lb. copperas at a cost of just below y^d. per lb. The ferrous sulphide tends to remain 
in colloidal suspension due to the protective action of the dissolved protein and in practice 
the operation has been found troublesome.
F u r t h e r  C o n s i d e r a t i o n s
The treatment of effluent is a non-productive charge on every pound or foot of leather 
produced. Some tanners have an additional problem of finding space to accommodate 
the necessary plant. An alternative approach to the whole question of effluent treatment 
is by modification of processes in the tannery to reduce or eliminate those chemicals that 
require to be removed before the effluent is discharged. Lime, sulphide and vegetable 
tans are the three materials which are likely to give most trouble. The advantages of 
lime and the possible replacement of lime by other alkalis were discussed in the? Annual 
Heavy Leather Lecture this year. W hilst caustic soda can be used instead of lime for 
certain classes of goods, the most promising approach with cattle hides is to reduce the 
quantity of lime to the minimum.
The replacement of sulphide is rather more difficult. Economies can sometimes be 
made in the quantity of sulphide used without retarding unhairing. The complete 
elimination of sulphide, however, would involve a radical change in process of which 
enzyme unhairing seems to be the only alternative at present and has yet to be 
established on works scale.
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T h e  f ir st  published work on the treatment of tannery effluent goes back to 
the beginning o f the century (for references to this early work see E s t e n , 
1911). As long ago as 1913 Y e it c h  (1913) wrote ‘Careful consideration of 
what has been accomplished in the way of sewage purification and disposal 
seems to warrant the opinion that technically the purification of tannery 
effluents presents no great difficulty, though it must be said that the cost of 
doing this will often be considerable.’ He also pointed out that the cost o f any 
installation would be proportionately higher the smaller the tannery. Since 
that date a  number of pilot plants have been erected at various centres in the 
U.S.A. to study the practicability of treatment of whole tannery effluent. 
Early work emphasized the value of biological treatment but the application 
of the principles of sedimentation to tannery wastes by the D orr Co. about 
1920 marked the end of extensive filtration operations. By 1942 the only 
treatment in the U.S.A. in general use comprised mixing of acid and alkaline 
wastes followed by sedimentation. The high cost of secondary treatment has 
prevented its use. These remarks were made by H a r n l y  (1952) who, in a 
brief but excellent paper which gives a lead to all the work carried out up to 
1952, reviewed present day U.S. practice which consisted mainly of sedimenta­
tion with some preliminary screening and some secondary sedimentation 
after chemical treatment. N o biological treatment was carried out. W ork car­
ried out in other countries has been much less extensive, but from the little 
published work it appears that similar conclusions have been reached.
The problem now largely resolves itself into the treatment of tannery 
effluent by the sewage works in admixture with domestic sewage and the 
precautions that have to be taken to prevent interference with the biological 
processes. Naturally, these precautions are the same as would be necessary 
for a plant dealing solely with tannery effluent, but become of less importance 
the greater the proportion of domestic sewage in admixture.
CONSTITUTION OF TANNERY EFFLUENT
The constitution of the waste depends on the type of leather being produced 
and can also vary considerably in the proportion of the various constituents 
with tanneries using essentially the same kind of process for the same type o f 
leather. The constituents can be divided into two groups:
1. Materials derived from  the hides and skins themselves: 
adhering dung, soil, etc. 
soluble nitrogenous material
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grease
fleshings and trimmings 
hair
2. Chemicals used in the preservation and tanning processes: 
antiseptics 
salt
sodium sulphate 
lime
sodium sulphide 
caustic soda 
dimethylamine
ammonium chloride and sulphate
boric acid
vegetable tannins
synthetic tannins
chromium salts
aluminium salts
formic and phthalic acids
formaldehyde
wetting agents
sulphonated oils
oxidized fish oils
dyestuffs
various other chemicals occasionally used in relatively small quantities.
From  the aspect of biological treatment the substances in Group 1 present 
no difficulty, but steps must be taken to remove the larger insoluble m atter by 
suitable screening. This is best carried out at the tannery since it is confined 
to the soak and lime liquors which can be segregated for the purpose.
Of the materials listed in Group 2 only five are likely to be present in appre­
ciable quantity. These are lime, caustic alkalinity, sulphide, vegetable tans and 
chrome salts. For the sake of completeness, however, the minor constituents 
will also be dealt with.
THE INFLUENCE OF LIME
Lime has three effects: it contributes, in many tanneries appreciably, to the 
suspended-solids content of the effluents; it renders the effluent alkaline; and 
it may cause incrustation of drains, filtering media, etc. due to carbonation. 
Because lime is a relatively cheap chemical and the quantity required in pro­
cessing is not critical, it may be used in larger quantity than necessary. Since 
the total alkalinity used in the tannery is normally greater than the total 
acidity, the mixed effluent is usually alkaline. The presence of excess lime 
adds to the suspended solids and provides a reserve of alkalinity which has to 
be neutralized in order not to interfere with biological purification processes. 
The activated-sludge process is more susceptible to interference by high pH 
values than is the filtration process (Mohlmann, 1926). Although carbona­
tion has been reported to  occur on the filter medium it is by no means 
universal and it obviously depends on several factors such as the amount of 
lime present, the amount of aeration the effluent receives, the degree of dilu­
tion with other effluents, the presence of carbonate or carbon dioxide in the
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other effluents, and the efficiency of the primary settling at the sewage works. 
The trouble, if it does occur, can be prevented by carbonation of the lime 
liquors with flue gas but this is not to be recommended unless absolutely 
necessary.
All these difficulties caused by the presence of lime can be minimized by 
preliminary settling of the lime liquors before admixture with other tannery 
discharges. The suspended solids are reduced, the total alkalinity to be neu­
tralized is reduced, and the chances of carbonation occurring are reduced. A 
further advantage, for tanneries using vegetable tans, is that the voluminous 
precipitate formed by mixing lime and vegetable-tan wastes, is greatly reduced.
INFLUENCE OF CAUSTIC ALKALINITY
Caustic alkalinity is provided by caustic soda, sodium sulphide, and occa­
sionally by the reaction of sodium carbonate with lime. Although it results 
in effluent with a higher pH  value than where lime is the predominant alkali, 
it is easier to  neutralize since there is no insoluble reserve of alkalinity. Its 
effect on biological processes is solely one of pH  and the same considerations 
apply as to lime alkalinity.
INFLUENCE OF SULPHIDE
Little information appears to be available on the effect of sulphides on aerobic, 
as distinct from anaerobic, biological treatment. In  some studies of tannery 
effluent in pilot plants the sulphide was removed prior to biological purifica­
tion (H o m m o n , 1917; S a r b e r , 1941; B r u h n e , 1957) but only H o m m o n  stated 
that its removal was necessary. K u b e l k a  (1956) also states that sulphides and 
other poisons must be absent. R o s e n t h a l  (1957), in a study of filtration of a 
mixture of 40% sewage and 60% tannery waste containing 82 ppm. sulphide, 
obtained 90% reduction in BOD and complete removal of sulphide. Differing 
results have been obtained in activated-sludge plants. C oe  (1952) found that 
1-3 ppm. sulphide for three days reduced its efficiency only slightly but 1-8 
ppm. for six days had a greater effect; 1-24 ppm. for one day was not detri­
mental. On the other hand, F u r k e r t  (1936) found that all the sulphide was 
oxidized to sulphate and the BOD was reduced by an average of 80%. 
D a w s o n  and Je n k in s  (1950) using a manometric technique to study oxygen 
absorption found that sulphide increased the absorption and they suggested 
that sulphide would be a competitor for oxygen in an activated-sludge plant. 
A u l e n b a c h  and H e u k e l e k ia n  (1955) found that sulphide reduced the ac­
tivity of the sludge, but it can become acclimatized to  oxidize at least 1 0 0  
ppm. sulphide to sulphate within 6  hr. Repeated applications of 50 ppm. 
could be tolerated for about a week, but additions of high concentrations for 
longer periods caused the sludge to break up and lose its capacity for purifica­
tion.
In  view of this conflicting evidence and the prejudice of some Local Au­
thorities against receiving soluble sulphide, laboratory experiments were 
conducted to  ascertain whether sulphide was in fact detrimental to aerobic 
processes.
The plant consisted of an asbestos pipe 6  in. dia. filled with coke to an effec­
tive depth of 5 ft 8 in. through which synthetic tannery effluent was trickled 
at the rate of 5-10 l./day. The feed consisted of an automatic pipette delivering 
once a minute. The basic effluent comprised a solution o f 0-05% serum albu­
min and 0-01% M/15 phosphate buffer pH  7-4 to provide a trace o f phosphate
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T a b le  19.1
Influence o f  Sulphide on the Purification o f  Synthetic Tannery Effluent in the
Trickling Filter
Upper part o f table, sulphide added in gradually increasing doses: lower part of table, 
sulphide added in shock doses. All analyses in ppm.
REF.
NO.
WITH ADDED SULPHIDE CONTROL WITHOUT SULPHIDE
SULPHIDE
AS H2S
BOD PERMANGANATE
VALUE
BOD PERMAN<
VAL
j ANATE 
UE
INITIAL FINAL INITIAL FINAL INITIAL FINAL INITIAL FINAL
B61 \ 20 326 92 70 0 284 65 25 4
B62 J 302 60 25 4 210 35 25 3
B 66 \ 334 50 53 4 258 41 37 1
B67 / 236 36 12 3 286 29 27 3
B68 40
B71 \ 228 37 43 2 278 26 24 2
B72 / 170 22 25 2 166 20 16 3
B83 278 43 100 18 178 22 31 5
B98 55 90 29 116 8
B103 70 128 2 26 0
B104 90 188 5
B106 110 174 4
B108 120 260 6 25 5
B110 140
B115 \ 250 2 25 1
B116 / 172 2 20 1
B119 206 3 22 2
B121 \ 182 1
B122 / 180 198 2
B123 220 336 1
B125 260 292 8
B127 310
B129 404 8 22 3
B131 268 3
B132 350 468 3
B136 \ 390 614 3
B137 J 536 4
B139 440 621 6
CIO 120 230 36 278 26 24 2
D83 180 182 17
A125 260 148 9
D93 310 496 1
A141 \ 440 680 28
A142 / 756 37
A153 \ 440 653 26
A154 / 745 93
A335 130 184 15
A337 90 189 15
A339 44 58 5
Notes
1. The Ref. No. indicates the filter used (A-D) and the number of days (excluding week­
ends) that it had been running. No effluent was put through on Sundays.
2. In the upper part of the table where the sulphide was added in gradually increasing 
amounts, the dosage was continued daily at the stated level until the change as indicated.
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rather than to buffer the solution. Its 5-day BOD was about 300 ppm. and 
when the filter was operating satisfactorily this was reduced to about 30 
ppm. The corresponding permanganate values were 30 and 2 ppm. re­
spectively. Sulphide was added to the basic effluent in the form of sodium 
sulphide, the pH  being readjusted to 7-8, if necessary, with hydrochloric acid. 
Additions of sulphide were made either in gradually increasing doses or in 
large shock doses. After shock doses the filter was first checked with the basic 
effluent to ensure that its efficiency was restored before adding further test 
effluent.
The results obtained are recorded in Table 19.1 The reservoirs for the filters 
held two days’ supply o f effluent and where figures are bracketed together 
this refers to the same effluent after one and two days respectively. The initial 
value refers to the effluent in the reservoir after standing one or two days. This 
accounts for the variation in the initial strength of effluent of the same com­
position from one batch to another due to a certain amount of oxidation 
occurring in the reservoir, and to the initial strength being generally lower 
after two days compared with one day. The addition of sulphide did not affect 
the apparent BOD until the level exceeded 40 ppm., above which it started 
to fall. Thereafter the strength was based on the determination of permanga­
nate value only.
Apart from one odd value (B83) the filter was able to tolerate the gradual 
addition o f sulphide up to a level of at least 440 ppm. H2S (corresponding 
to 0-1% N a2S). Shock doses were tolerated in an irregular manner; in one 
case 310 ppm. H2S was tolerated satisfactorily whereas in another 180 
ppm. reduced the efficiency by about one-half. The tolerance was lowered 
to below 90 ppm. by doubling the rate of flow. 440 ppm. appeared to in­
hibit oxidation of the organic m atter completely though the efficiency was fully 
restored by running a few days without sulphide.
In no case, with addition of up to 440 ppm. H 2S, was sulphide detected 
in the treated liquor. The removal of sulphide was due to volatilization or 
chemical oxidation rather than to biological oxidation since passage of a 
440 ppm. solution in water alone through an unprepared coke column at the 
same rate resulted in complete removal of sulphide, and in tests with sulphide 
in the synthetic effluent the sulphide was recovered as sulphate, completely 
in the case of lower dosages (120 ppm.) and up to about 70% with higher 
dosages (440 ppm.). Atmospheric oxidation probably results in conversion 
of sulphide to  thiosulphate, and biological oxidation from thiosulphate to 
sulphate.
There is a wide variation in the amount of sulphide used in different tan­
neries. Apart from the exceptional case, 500 ppm. H 2S is about the maximum 
likely to be encountered in a properly balanced effluent. Were this to be treated 
as such the evidence is that, providing the level of sulphide admitted to the 
filter was built up slowly, it might be dealt with satisfactorily. In  actual prac­
tice several factors will operate to reduce the concentration reaching the filters, 
namely dilution with other effluent and sewage, chemical combination with 
or oxidation by substances present in other effluents, volatilization and 
atmospheric oxidation. These last two will depend on the period the effluent
Table footnotes—continued
3. In the lower part of the table where the sulphide was added in shock doses, the filter
was run without sulphide until it had fully recovered before making any further additions.
4. The rate of flow was 5 l./day except Nos. A335-9 where it was 10 l./day.
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spends in the sewer and settling tanks at the sewage works. The rate of feed 
to the filter will influence the rate of oxidation in the filter so that higher feed 
rates will be more detrimental.
It is thus only by analysis of the effluent actually being filtered that any 
worthwhile information can be gained as to possible interference by sulphide 
of the biological process, and even so it would be wiser to go by actual results 
on the filter. It would be unfair to any tannery to insist on a limit for sulphide 
which may involve unnecessary costly expense in treatment plant and chemi­
cals, without first ensuring that the sulphide will in fact be detrimental under 
the prevailing conditions. It would not be unreasonable, however, for the 
Local Authority to insist that the sulphide-containing components of the 
tannery effluent be properly balanced with the other effluents to avoid local 
abnormally high concentrations reaching the sewage works, and to require 
its even discharge over a period to allow adequate dilution with other efflu­
ents.
INFLUENCE OF VEGETABLE TANNINS
Vegetable-tan extracts contain both tannins and non-tannins, the latter 
comprising mainly inorganic salts, organic acids and salts, and sugars. 
After use the tannins have been almost completely removed (up to  2% tan 
may be left) but the bulk of the non-tannins remains. The tannins are charac­
terized by their high chemical oxygen demand but relatively low BOD, whilst 
the non-tans have both high chemical oxygen demand and high BOD. The 
objection to their discharge to the sewage works is partly on account of 
their very high BOD and partly the intense blue-black colour which they give 
with iron salts. The tanner is also concerned with the bulky precipitate they 
give on addition of lime. The most advantageous way of disposing of them, 
where adequate space is available, is to lagoon them, but this is rarely prac­
ticable in Great Britain. They have some advantage in so far as they will oxi­
dize sulphide slowly over the course of 24 hr or so, but those tanneries that 
use large amounts of vegetable tan do not usually use much sulphide. Pre­
liminary treatment of waste tan liquor with lime or aluminium sulphate re­
duces the BOD very little. A reasonably substantial reduction can be achieved 
(the author has obtained up to 55% reduction in some cases) by treatment 
with waste hide trimmings or chrome-tanned trimmings, but this would not 
be economical in practice particularly as the values of these trimmings for 
gelatin and glue would be lost and the problem of their disposal would arise. 
None of these treatments prevents the colour produced with iron salts, and 
the liquors themselves still darken considerably when neutral or alkaline due 
to oxidation.
No difficulties have been reported in the treatment of tannery effluent due 
to the presence of vegetable tannins by either the trickling filter (Mohlmann, 
1926; Hommon, 1917; Sarber, 1941; Bruhne, 1957; Rosenthal, 1957; 
Morrison, 1911; Roth, 1914; Anon., 1931; Chase and Kahn, 1955) or 
activated-sludge process (Mohlman, 1926; Chase and Kahn, 1955; Rosen­
thal, 1958) except by Hommon (1917) who failed to get a pilot activated- 
sludge plant to work which he attributed to the fact that the necessary micro­
organisms did not seem to live in the presence of any considerable amount of 
tan liquor. One report (Anon., 1931) stated that partial oxidation in the filter 
caused the liquor to darken, and it has also been said (McKee and Camp, 
1950) that discoloration by iron is not avoided by biological treatment.
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The effect of treatment through the trickling filter on BOD, permanganate 
value and colour was investigated using three commercial spent tan liquors 
(from firms using different types of vegetable tans) mixed with serum- 
albumin solution of half the strength used for the work with sulphide, half the 
total BOD being provided by the tan liquor. Some typical results are given 
in Table 19.2 Colour was measured in the Lovibond tintometer using 1-cm 
cells.
Comparison of the initial BOD and permanganate values with those ob­
tained in the absence of tan (Table 19.1) illustrates how the ratio of these two 
values may differ in two of the principal components of waste tannery liquors. 
The protein has a high BOD but low permanganate value, whilst vegetable-tan 
liquors have a high permanganate value and relatively low BOD. The table 
shows that under conditions where the filter is not overloaded, satisfactory 
removal of BOD, chemical oxygen demand and colour can be accomplished. 
The colour of the treated liquor was only a very pale straw and was not in­
tensified by the addition of iron.
INFLUENCE OF TRIVALENT CHROMIUM SALTS
There are numerous reports of the inhibitory action o f trivalent chromium on 
the dilution B O D  test (B u r g e s s , 1957; M o r g a n  and L a c k e y , 1958; K r ie g e r  
and M o o r e , 1949; I n g o l s  and K ir k p a t r ic k , 1952; F e d e r a t io n  etc., 1954) 
at levels as low as 1 ppm., but this information is not relevant to sewage- 
works treatment. I n g o l s  and K ir k p a t r ic k  (1952) point out that bacteria 
can tolerate high concentrations of chromium where large amounts of organic 
matter are present and this may be one factor responsible for the large range 
of toxic levels reported. Another is the effect of pH : there is a critical pH  
between 6-0 and 7-0 above which toxicity falls off sharply and is probably a 
solubility effect (H e u k e l e k ia n  and G e l l m a n , 1955). V r ij b u r g  (1952) re­
ported as little as 0-7 ppm. chromium causing very incomplete biological 
purification on an experimental trickling filter. D a w s o n  and Je n k in s  (1950) 
obtained 40-60% reduction of oxygen uptake by activated sludge with 100 
ppm. chromium whilst H e u k e l e k ia n  and G e l l m a n  (1955) found 75 ppm. 
to cause complete inhibition after one day. Other figures reported to retard 
or inhibit activity are 2  ppm. for an activated-sludge process and 1 0  ppm. 
for trickling filters (C o e , 1952).
It is suggested ( H e u k e l e k ia n  and G e l l m a n , 1955) that under plant con­
ditions, considerable amounts of chromium may be precipitated by alka­
linity in the sewage and may be removed before the aerobic treatment units 
are reached. They would, however, have a correspondingly greater effect 
on the digestion of the sludge. In  tanning practice frequent use is made of 
masked chromium salts, i.e. complexed with organic acids such as formate and 
phthalate, which precipitate as the hydroxide at higher pH  values than the 
unmasked compounds. It is possible to prepare neutral and negatively charged 
complexes that do not precipitate even under strongly alkaline conditions. 
Tests were therefore carried out on synthetic effluent containing either un­
masked trivalent cationic chromium or the highly masked trivalent anionic 
chromium in the form of sodium tetra-oxalato-diol-chromiate, prepared 
according to the method of G u s t a v s o n  (1947).
Previous reports of the inhibitory action of trivalent chromium on the BOD 
dilution test were confirmed using serum albumin as the substrate and adding
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various amounts of chromium to the dilution water. Both cationic and anionic 
chromium lowered the apparent BOD, the former to a much greater extent 
(Table 19.3).
T a b le  19.3
Influence o f  Cationic and Anionic Trivalent Chromium on the Dilution BOD
Test
TEST FORM OF Cr CONCENTRATION
ppm . Cr
BOD
ppm . % of control
1 Cationic 0 299 100
006 228 76
0-6 205 69
6 45 15
2 Cationic 0 337 100
0-6 199 59
1-2 165 49
2-4 61 18
3-6 37 11
4-8 27 8
6 0 28 8
3 Anionic 0 110 100
006 90 82
0-6 (68) (62)
6 85 77
4 Anionic 0 339 100
006 392 119
0-6 273 81
6 241 71
Cationic chrome: chromic sulphate
Anionic chrome: sodium tetra-oxalato-diol-chromiate.
The effect on the trickling filter is shown in Table 19.4. Where trivalent 
cationic chromium was passed through the filter initially it was completely 
retained in the filter, producing only a slight inhibitory action on the biologi­
cal purification as measured by the chemical oxygen demand, though a slight 
turbidity was observed after three days. Only after 12 days was chromium 
detected in solution in the effluent and this was accompanied by a sharp rise 
in permanganate value. The filter quickly recovered its full efficiency on 
passing chromium-free albumin solution through for a few days. The tri­
valent anionic chromium compound was not completely absorbed in the 
filter medium: the relatively high chemical oxygen demand of the initial 
effluents (nos. A199-204) can be accounted for by the oxygen demand of 
unchanged oxalato-chromiate (a solution of the compound in water had a 
permanganate value of 16 ppm. per 100 ppm. Cr). Eventually this com­
pound too began to  show an inhibitory effect.
The conclusion must be reached that in order to  avoid possible disturb­
ance of the biological purification processes at the sewage works, trivalent 
chromium should first be eliminated. Fortunately the normal sedimentation 
treatment given at most tanneries is adequate to remove most if not all of the 
chromium, and any that does escape should be precipitated in the primary
2D
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T a b le  19.4
Influence o f Trivalent Chromium on BOD Reduction in the Trickling Filter
REF.
NO.
FORM OF 
CHROMIUM
CONCENTRATION 
OF CHROMIUM BOD
PERMAN­
GANATE
VALUE EFFLUENT
INITIAL FINAL INITIAL FINAL
A320 Cationic 10 39 2
A321 20 36 5
A322 20 26 4
A323 40 Turbid
A325 40 29 5 Turbid
A326 40 40 4 Turbid
A327 75 41 7 Turbid
A329 50 Turbid
A330 50 28 6 Turbid
A331* 50 29 7 Turbid
A332 50 48 24 Turbid, Cr present
A333 —
A335 — . 31 4
A336 50 28 4
A337 50 30 3
A338 50 38 25 Turbid, Cr present
A339 — 27 9
A340 — 47 10
A341 - — 32 4
A199 Anionic 100 50 12 Cr present
A202 100 36 10 Cr present
A204 100 129 11 45 8 Cr present
A214 100 55 7 Cr present
A218 100 56 6 Cr present
A223 10 Cr present
A228 10 14 4 Cr present
A229 10 20 2 Cr present
A242 10 Cr present 1-0 ppm.
A250 10 Cr present 0-4 ppm.
A251 100 131 11 51 17 Cr present 17 ppm.
* Flow rate 5 l./day except Nos. A331-3 which were at 10 l./day 
Liquor composition: 0-025% serum albumin +  0-01 % phosphate buffer M/15 
All analyses in ppm.
sedimentation tank at the sewage works. An exception exists with highly 
masked chromium compounds such as used in the tests above, but these are 
exceptional and not normaly used for tanning on their own. They may, how­
ever, constitute a small proportion o f special tan liquors. The lightly masked 
chromium compounds more frequently used are fully precipitated at pH  
6  which is the lower pH  limit normally acceptable by the local authority.
INFLUENCE OF MINOR CONSTITUENTS
Many of the minor constituents used in tanning might have a detrimental 
effect if they did not receive any dilution, but this is virtually impossible. 
Antiseptics occasionally present in the curing salt or used in soaking are 
such materials as naphthalene, pentachlorophenol, sodium hypochlorite and
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sodium chlorite, and some phenolic substances such as cresylic acid, p- 
nitrophenol and /?-naphthol are used in later stages for mould prevention. 
Their concentration is so low or their volume so small as to be completely 
negligible in the mixed effluent.
Salt may reach a concentration of as much as 2% in soak liquors and 10% 
in pickle liquors. A  level of up to 1 % cannot be considered dangerous, in 
fact will probably stimulate aerobic processes. Pickle liquors containing 10% 
salt are re-used for periods of as much as a year and discarded infrequently. 
Salt levels of about 3% are used in chrome tanning but the volumes involved 
are small. Small volumes of 5% salt solution are occasionally used for soaking. 
The other salts, sodium sulphate, ammonium sulphate and chloride are not 
likely to exceed 0-5% in concentration and the volumes involved are relatively 
small.
Substances such as dimethylamine, organic acids, wetting agents, sul- 
phonated and oxidized oils and syntans may contribute to the BOD or may be 
inert. Boric acid, sometimes used for deliming, is such a weak antiseptic that 
its influence is hardly likely to be felt after dilution. Large amounts of for­
maldehyde could conceivably have an undesirable effect but the tanner 
endeavours to achieve maximum utilization and to keep the volumes to a mini­
mum. The quantities that are likely to be discharged would be inactivated by 
the large excess of protein in the mixed effluent except in the case of tanners 
who receive the skins in the pickle.
W ith regard to dyestuffs their effect is more likely to be on the colour of 
the effluent than on the biological processes. Owing to  their comparatively 
high cost wastage is kept to a minimum by using low floats and high uptake.
Copper salts and dichromates are occasionally used as mordants. The 
copper should be eliminated as the hydroxide during sedimentation, but 
special steps should be taken to remove dichromate by reduction with sulphite 
prior to discharge.
CONCLUSION
The constituents of liquid tannery effluent that may be present in sufficient 
concentration to interfere with biological processes are alkali (lime or caustic), 
sulphide and chromium. The alkali and chromium are readily eliminated by 
standard primary treatment at the tannery itself. Sulphide could also be 
eliminated, but this is much more costly and various factors combine to 
reduce the sulphide concentration before it enters the biological processes 
such that the residual concentration may be insufficient to interfere. No general 
limit should be laid down, but rather each case should be judged according to 
circumstances.
The removal of BOD and colour from spent vegetable-tan liquors presents 
no great technical difficulty, but may be very costly owing to the high BOD 
of such liquors.
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DISCUSSION
T h e  C h a i r m a n ,  Mr. I s a a c , questioned the statement made by Dr. Green in his intro­
duction, that tannery effluents had reactions between pH 10-0 and 11-5. The reaction o f the 
effluent from a sole-leather tannery, with which Mr. Isaac had been concerned, when 
measured at the sewage-treatment plant, varied from pH 5-5 to 12*5. This had a markedly 
deleterious effect on the biological filters. The BOD load from the tannery was equivalent 
to about one-third o f that from the rest of the small town where it was situated. There was
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additional difficulty in treatment due to active gas production in the primary settling tanks 
in spite of frequent sludging (several times per day). There was no doubt that tannery 
effluents could be a serious embarrassment to the smaller treatment plants.
T h e  A u t h o r  replied that this could not have been a balanced effluent otherwise the pH 
would have been maintained on the alkaline side. Tanneries that processed hides and skins 
from the raw material to tanned leather used more alkali than acid. Acid effluents occurred 
only when a tannery received its raw stock already limed. He thought that the gas production 
in the primary settling tanks was due to the presence of spent vegetable tans. If this was the 
case it could be overcome by suitable treatment at the tannery. Such investigations required 
specialist knowledge of tannery effluent and the British Leather Manufacturers’ Research 
Association could be asked to solve the problem of effluent treatment either at the works 
or at the sewage works.
Mr. J. L a n g  followed up the points made by Mr. Isaac and said that when the tan and 
lime effluents at the tannery mentioned were balanced and mixed, a very great volume of 
light sludge was produced. He asked if it would be possible to settle and remove the sludge 
at the tannery prior to discharge to the sewer.
T h e  A u t h o r  replied that work was still being done on the draining of tannery sludges. 
The sludge produced on mixing lime and vegetable-tan liquors comprised the bulk of that 
from a vegetable tannery and had proved a very obstinate problem. These sludges were very 
bulky and drained with difficulty on the conventional coke sludge beds. Lagooning had 
been recommended where space permitted and it was preferable to lagoon the waste tan 
liquor as such rather than neutralizing it with lime, since the volume of precipitate produced 
with lime was little less than the volume of the tan liquor itself and the possibility of 
anaerobic fermentation of the sludge avoided in the absence of the alkali.
Dr. S. H. J e n k i n s  remarked that if  sulphide were admitted from a tannery a Local 
Authority might have to accept sulphide from other sources, e.g. sulphide in dye-house 
waste. In an area with a mixed industry that might lead to dangerous conditions in sewers, 
especially if illegal discharges of acid occurred.
T h e  A u t h o r  replied that it was the responsibility of the Local Authority to limit the pH 
of industrial wastes and to enforce agreements. Provided the necessary precautions were 
taken, fatalities due to evolution of hydrogen sulphide should not occur. If, however, 
conditions were such that the pH was liable to fall to a dangerous level, two remedies were 
possible: one, to discharge the sulphide-containing effluent at a higher pH; two, to treat it 
at the tannery with excess copperas. The ferrous sulphide formed with copperas was not 
decomposed above approximately pH 5-5 which was below that normally accepted by 
Local Authorities. The increase in suspended solids and the effect of ferrous sulphide on 
fermentation of the primary settling tank sludge would, of course, have to be considered.
Mr. H. I v e s  commented on the effect of hair from a tannery on a sludge-digestion plant. 
He had known of a sewage works where the digesters had been put out of commission 
by the accumulation of a thick ‘mattress’ composed mainly of hair, floating on top of the 
sludge and occupying almost the whole of the capacity of the digester. He asked if this 
problem could be overcome by removing the hair at the source of production.
T h e  A u t h o r  replied that the removal of hair from waste tannery liquors was common 
practice and easily accomplished by the usual revolving brush screen. Hair was a valuable 
by-product and this provided an incentive for its efficient recovery apart from preventing 
a nuisance at the sewage works.
Mr. R. F. W il l s  asked whether the model 6-in. dia filters used in the experimental work 
gave satisfactory results. It had been stated by a previous speaker that model filters should 
be at least 8 times the diameter of the medium used, otherwise there would be short- 
circuiting of the flow down the walls of the pipe enclosing the filter, thus rendering the 
results suspect when the scaling up of the model to plant size was considered.
T h e  A u t h o r  said that the Water Pollution Research Laboratory had recommended the 
size of the filters used and that these appeared to work efficiently. It was possible that some 
short-circuiting occurred but this did not affect the validity of the results which were 
comparative and not intended for scaling up to plant conditions.
Mr. H. A. H a w k e s  stated that on the question of small-scale experimental filters it was 
important that their efficiency should be assessed only after they had become ecologically 
balanced. Initially, as the film was built up, satisfactory removal of the waste might be 
experienced but, later, either the filter choked with the resultant decrease in efficiency, or a 
balanced community became established with the resultant discharge of the film. The film 
might be discharged as solid humus or in solution. Any metallic ions were thus passed to 
the digestion process or to the receiving stream. Thus the initial rate of removal of metals
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in small-scale laboratory filters was no guide as to their full effect on the whole full-scale 
process.
T h e  A u t h o r  replied that this was an important point and was fully appreciated in the 
work carried out. It was borne out particularly in the case of the effluents containing 
chromium, the effect from which became apparent only after running for several days 
( Table 19.4). The film was discharged as finely-divided humus which settled out in the 
receiving vessel.
Mr. W. E t h e r id g e  thought that the question of the method of oxidation o f sulphide 
liquor depended on the pH of the liquor. He had found that if sulphide liquor were 
inoculated with the effluent from a bacteria bed treating sulphide liquor and exposed to the 
atmosphere in a shallow layer, purification took place provided the pH of the liquor was 
below about 10. Above this figure no purification was effected. This suggested mechanism 
was supported by the fact that Dr. Green found that shock doses of liquor were not 
oxidized. If the bacterial oxidation method were accepted this would be expected.
T h e  A u t h o r  replied that the experiments showed that shock doses of sulphide inhibited 
the microbiological flora of the filter rather than prevented the oxidation of the sulphide. 
With an unprepared filter no sulphide was detected in the outflow. It had not been ascer­
tained how much sulphide was lost by oxidation and how much by volatilization.
Mr. A. B . W h e a t l a n d  said that Dr. Green had dealt very fully with the possible effect 
of sulphide on a biological filter but he had made no reference to the effect of sulphide in a 
sewer. If sulphides were discharged to a sewer, unless the pH value of the sewage was unduly 
high, hydrogen sulphide would contaminate the sewer atmosphere. Apart from endangering 
the lives of any workmen in the sewer, the hydrogen sulphide could become oxidized to 
sulphuric acid on moist surfaces exposed to the sewer atmosphere and cause rapid 
destruction of concrete and corrosion of metalwork. Dr. B u r g e s s * considered that 10 ppm. 
sulphide was the maximum concentration that should be permitted to be discharged and 
that sulphide should not be present at all in a concrete sewer. A concentration o f 33 ppm. 
hydrogen sulphide by volume in an atmosphere had been stated to be unlikely to cause 
serious effects to workmen if the exposure were not continuous or prolonged. 100 ppm. 
by volume was reported to cause irritation of the eyes and respiratory tract in man after 
one hour’s exposure, and 1000 ppm. by volume had been stated to cause immediate 
unconsciousness. Mr. Wheatland had calculated that if sewage in contact with a stagnant 
sewer atmosphere had a pH value o f 8-0 the above concentrations of hydrogen sulphide 
in the atmosphere would be given by concentrations of sulphide in the sewage of 1-5, 4-7  
and 47  ppm. respectively.
The Author had dealt separately with the effects of lime and of sulphide, but in practice 
these were present in the same liquors. He had said that excess lime could be neutralized, 
at a cost, with sulphuric acid. However, if alkaline solutions containing sulphide were 
neutralized hydrogen sulphide would be likely to be evolved. This would be so particularly 
if  neutralization were carried out with flue gas, and hydrogen sulphide might well cause a 
nuisance. Mr. Wheatland had been concerned with an investigation into possible methods 
for the treatment of the waste waters from a chrome tannery and had been very conscious 
of these difficulties. He asked if Dr. Green would comment on these aspects of the treat­
ment of tannery wastes.
T h e  A u t h o r  replied that it was true that oxidation of sulphide to sulphuric acid could 
occur and cause attack on the sewer fabric, and it was a question of quantity, pH, rate of 
flow, volume and buffering action of other discharges in admixture whether, in fact, the 
acidity would rise high enough. The effect could be overcome by ensuring that the sulphide 
discharges were sufficiently alkaline.
The evolution of hydrogen sulphide on neutralizing lime liquors could be avoided 
by using copperas or a mixture of copperas and sulphuric acid instead of sulphuric acid 
alone. Flue gas had been suggested as a means of removal o f calcium ions to prevent 
carbonation on the sewer walls or biological filters instead of neutralizing the whole liquor.
* B u r g e s s , S. G. (1 9 5 7 ) The analysis o f trade-waste waters. The T reatm ent o f  Trade- 
W aste W aters and the P reven tion  o f  R iver Pollution. [Ed. I s a a c ,  P. C. G.], 73 .
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D u r in g  the past year well over 600 scientific papers and patents of direct 
or indirect interest to leather chemists have appeared, which is indicative 
of the intense activity in this field. As in recent years, the largest 
proportion deals with the vegetable tannins. Another major field of 
interest is the chemistry and physics of collagen and the leather chemist 
has benefited greatly by the overlap of interest in the medical sphere 
due to the recent work on rheumatoid arthritis. The chief question th a t 
remains to be solved is th a t of the amino-acid sequence in collagen, and 
the recent successful elucidation of the complete amino-acid sequence 
and chemical structure of insulin leads to the expectation th a t similar 
work on collagen will soon bear fruit. Elastin, too, is receiving much 
attention from medical workers in connection with arteriosclerosis, but 
as it has by no means been established th a t the elastin of skin plays any 
part in leather manufacture, this work has been omitted from the present 
Report.
The development during recent years of a consumer demand for light­
weight, flexible sole leather has led to considerable work on impregnation 
with polymers and other materials to improve water-resistance and 
wearing qualities and yet maintain flexibility. The solution appears to 
be, however, in combination-tanned leathers, some of which show 
startling improvements over the best vegetable-tanned leathers when 
judged by abrasion tests. A substantial amount of work has also been 
carried out on the causes and methods of preventing the deterioration of 
leather, and is reviewed in the present Report.
Work on the physical properties of leather, physical testing, analytical 
methods and a number of minor aspects has been held over.
The papers delivered a t the 1954 (September) Vienna Congress of 
Leather Chemistry and Technology have now been published in a 
Festnummer of the Osterreichische Leder-Zeitung. I t  contains 52 papers 
by leading authorities on all aspects of leather chemistry and technology, 
many of which are referred to below.
The constitution and properties of collagen
Primary mention must be made of two comprehensive volumes on 
protein chemistry edited by two distinguished protein chemists, Neurath 
& Bailey (2 ). Chapters of interest to  leather chemists in particular deal 
with the structure of collagen (2, 3) and elastin (2), and with the 
occurrence, histology and the mechanical, chemical and physical proper­
ties of wool keratin and related materials (4), literature up to 1954 being 
included. The Society for Experimental Biology has published a valuable
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collection of papers on the biological properties and structure of the 
fibrous proteins given a t a symposium held in Leeds in 1954 (5). No 
less than nine chapters deal with collagen, its distribution, metabolism 
and structure. In  addition, a very comprehensive and up-to-date 
review, with 103 references, of the chemistry and physics of collagen has 
been published by Grassmann (6).
Further advances, mainly by chemical and X-ray techniques, have 
been made in our knowledge of the structure of collagen. Comparison of 
the chemical constitution and hydrothermal stability of fish and 
mammalian collagen has enabled Gustavson (7-9) to propose a theory 
for the function of hydroxyproline which is present to the extent of 6 - 8 % 
in fish and 13-14% in mammalian collagen. Exhaustive N -  and 0- 
acetylation of the latter reduced its shrinkage tem perature from 64-66° 
to 40-44°, which is th a t for fish collagen. Only three out of four 
hydroxyproline OH groups were esterified : these are considered to take 
part in hydrogen bonding with keto-imide groups of adjacent chains 
and.account for the high hydrothermal stability of mammalian collagen. 
The remaining 25% are believed to  take part in an ester cross-linkage 
common to both collagens, links which break on prolonged heating in the 
conversion of collagen to gelatin. Gustavson also discusses the influence 
of chemical and heat treatm ent on the uptake of chrome and vegetable 
tannins. Of 40 proteins examined by the Moore & Stein method, only 
collagen contained hydroxy lysine (10), of the order of 1 %, which is 
derived from lysine (11). Grassmann et al. (12) have produced evidence 
that the carboxyl groups of alanine and valine are esterified.
The helical structure of collagen is now firmly established, but its 
precise form, which must conform to its known periodicity, X-ray 
analysis, infra-red spectrum and chemical composition, is still unsettled 
chiefly due to lack of knowledge of the amino-acid sequence. A to tal of 
6 8  peptides have so far been isolated from partial hydrolysates of collagen 
and gelatin (13) and only 15, none of which contains a basic amino-acid, 
agree with the sequence : proline or hydroxyproline-glycine-other amino- 
acid, as proposed by Astbury (14) and supported by other workers 
(15,16) as essential for collagen. Many new structures based on X -ray 
evidence have been proposed (17-25). Ramachandran & K artha’s 
structure (20) makes maximum use of hydroxyproline hydrogen-bonding 
and consists of three helical chains themselves wound in a helix : shrinkage 
is regarded as a folding of the triple chain rather than the individual ones. 
Rich & Crick's thesis (21) th a t it does not agree with known facts about 
the amino-acid sequence is debatable.
By suitable preparation of collagen fibrils for the electron microscope, 
Kennedy (26) has shown them to be tubular. (This paper is accompanied 
by some magnificent electron photomicrographs.) Supporting evidence 
is provided by Swerdlow & Stromberg (27), working with mercury- 
impregnated collagen. The application of pressure to fibres under the 
microscope has enabled Cruise (28, 29) to obtain information regarding 
the internal structure of the bundles and the effect of various treatm ents 
on the elasticity of the fibres. At pressures of approx. 25,000 kg./cm.2, 
liquid globules, which may be chemically bound water, were exuded from 
air-dry fibres.
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The relationship between the soluble collagens and collagen is important 
for an understanding of the metabolism of the collagen fibre. Tustanovskii 
et al. (30) provide evidence th a t collagen is a two-phase system ; the basic 
collagen fibre collastromin ’) is coated with a layer of procollagen 
which may be removed partially by citrate extraction a t pH4 and 
wholly by subsequent extraction with water a t 50°. The characteristic 
staining reactions of collagen are due to procollagen. Bowes et al. (31) 
also point out th a t the amount of citrate-extractable collagen is limited, 
and hence does not represent the solution of the collagen fibres as a whole 
but is a separate entity with a similar constitution. Two soluble collagen 
fractions were separated by Harkness et al. (32) from rabbit skin at 
pH 9 and 3*8, and a further fraction on autoclaving. Their hydroxy­
proline, tyrosine and glycine contents were similar. Experiments with 
14C-labelled glycine indicated th a t the alkali-soluble fraction is the 
precursor of the others. Gross et al. (33) regard these soluble collagens 
as derived from the ground substance rather than from the fully formed 
fibrils. Extraction of collagen a t 60° yields a soluble form of collagen 
believed by Veis & co-workers (34, 35) to be a solution of intact collagen 
composed of stiff coils of three laterally aggregated fundamental helixes, 
whereas low-temperature extracts are randomly coiled flexible threads 
of the single polypeptide helix unstable a t 40°. The size of the elementary 
soluble collagen particle is the subject of much controversy (36-39a), 
which is understandable in view of the work of Mathews et al. (40) who 
obtained molecular weights of 74,000 by osmometry and 107 by light- 
scattering methods, suggesting an equilibrium between monomer and 
aggregate. Gallop (38) suggests a lateral aggregation of three polypeptide 
chains. Burton et al. (41) state that, when treated with dilute buffers, 
collagen loses its characteristic striations under the electron microscope 
and stains like elastin : also a material rich in hydroxyproline (up to 40%) 
is removed, leading them  to speculate on the interconvertibility of 
collagen and elastin. Their observations can be interpreted on the basis 
of the removal of a layer of procollagen [cf. (30)], whilst their figures for 
hydroxyproline may be as much as 300% too high in view of their method 
of protein determination (Folin-Wu) based on tyrosine and tryptophan. 
Further evidence for the dual composition of collagen is provided by 
Banga et al. (42) who showed by polarisation microscopy th a t heat- and 
chemical-contraction and relaxation are sim ilar: the native fibre is 
optically homogeneous, bu t the contracted fibre has an outer phase with 
small birefringence (procollagen ?) and an inner phase with a helical 
structure and strong birefringence, whilst the'relaxed fibre is homogeneous 
with a fibrillar structure. Elastase dissolved 5-10% of the native fibre, 
the outer phase of the contracted fibre (15-20%) and all the relaxed fibre.
In work on procollagen a t D arm stadt reviewed by Kuntzel (43), 
several sugars, particularly galactose, and their derivatives have been 
detected. Moss (44) examined the carbohydrates of citrate-soluble 
collagen and oxhide collagen and regards the negligible amount of 
hexosamine and small and variable amount of hexoses found in the 
former to be impurities. Hyaluronidase treatm ent of collagen reduced 
the silver and periodic acid-Schiff staining reaction, indicative of the 
removal of carbohydrate (45).
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The solubility of protease-treated collagen in hot water (Thaureaux 
effect) was suggested by Neuman & Tytell (46) to be due to adsorption 
of enzyme which attacked the collagen as it heat-denatured. Supporting 
evidence has now been produced by Deasy (47).
Curing
Sykes (48) has reviewed the faults liable to occur in East African dried 
hides and skins and also methods for their prevention. In  a series of 
tests designed to check the conditions conducive to putrefaction, he and 
French (49) found that, provided they were properly suspended, prefer­
ably from frames, it was possible to dry cattle hides and goatskins 
satisfactorily under a wide variety of climatic and other conditions. 
It was found preferable to trea t the green rather than the dried hides ; 
also no single antiseptic would provide universal protection but simple 
mixtures were satisfactory, e.g., sodium pentachlorophenoxide and 
Dieldrex 15 (50). Beakbane & Mitton (51) found th a t sodium silicofluoride 
as a dip reduced putrefaction in E. African hides. HexachlorocycZohexane 
is finding increasing favour as an insecticide for dried hides and Green 
(52) reports th a t the commercial product (13% y-isomer) has a bacter­
iostatic and fungistatic action which is due to impurities.
The effects of bad curing (salting and brining) on the hide and the 
leather are discussed by Lollar & O’Flaherty (53). They recommend 
volatile nitrogen as the best indication of the state of cure and propose 
that 0-2-03% represents a satisfactory cure, whilst values above 0-35% 
point to a bad cure and below 0 -2 % to the hide having been aired and 
dried. In a study of the weight changes of calfskins and oxhides during 
brining, Strandine & Connick (54) showed th a t 10-15% salt gave the 
maximum protein extraction, brining removing more globular proteins 
than wet-salting (55).
The controversy as to the cause of salt stains is still unsettled, and 
Hausam (56) and Kuntzel & Stirtz (57) have put the case for bacterial 
and chemical origins respectively. However, an im portant clue is 
provided by Olafsson (58) in a study of the brownish-yellow discoloration 
of salt cod. Calcium in the salt is essential for discoloration and the 
discoloured tissue contains considerably more calcium than normal. 
Reduction of calcium sulphate to sulphide by halophilic bacteria frees 
the calcium ion which can then diffuse into the skin and form precipitates 
with acids produced by autolysis (phosphoric and carbonic). This 
explanation reconciles Hausam’s and Kuntzel’s theories and explains 
how salt spots can be formed on the grain surface, and why they are 
prevented by adding antiseptics or sodium carbonate to the salt. Various 
additives to the salt have been tested to prevent salt stain and red heat, 
ammonium or sodium bifluoride (59, 60), ^-chloro-w-cresol (61), 30-35% 
ammonium sulphate (62) having been found effective. Of 27 disinfectants 
investigated for use in curing and soaking, only Preventol (sodium trichloro- 
phenoxide -f  monoethanolamine) (5%) was successful on raw hide (63). 
Mercuric chloride was not suitable for admixture with salt because 
mercuric sulphide was formed subsequently, whilst in the soak it rendered 
hair loosening more difficult. Also recommended is sodium silicofluoride (64)
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with salt (2% addition) and in soaking (0-25%) and for controlling hide 
beetles. Its influence on processing and properties of the leather are 
reviewed.
Pre-tanning processes
All the recognised methods of unhairing have received attention since 
the last report. A histological study of the hogskin (heat) dehairing 
process (65) has pointed to optimum cpnditions of both tem perature and 
duration for the scalding treatment, which vary with the season of the 
year. Skogestad (66) has described a method for utilizing the waste 
sulphide and caustic soda obtained from viscose rayon manufacture as 
unhairing liquors. The increased difficulty of unhairing with sulphide 
after a preliminary lime treatm ent (immunization phenomenon) was 
believed by Hirsch (67) to be due to lanthionine formation, but this 
theory has been disproved by Shaw & Lollar (68) who found equal amounts 
of lanthionine in hair or epidermis after lime and lime-sulphide treatments.
No economical substitute for the sweating process for fine-woolled 
sheepskins has yet been found. Green (69), in a study of the process, 
has attempted to improve the rate of sweating by modifying the pH of 
the pelt, without success. He confirms th a t the direction of penetration 
of bacteria to the wool roots is from the flesh side, and has shown th a t 
nematodes associated with sweating skins are beneficial. Bacteria 
isolated from old lime liquors have been characterized and found by 
Simoncini (70) to be active protease producers : culture media containing 
keratin would unhair skins in 2-4 days a t 27-28°. Actinomycetin from 
Streftt. albus G contains a t least five distinct enzymes, one of which causes 
epidermal desquamation and hair loosening (71). An acid swelling 
(acetic or lactic) prior to enzyme treatm ent (72) is stated to give skin and 
wool or hair of better quality than th a t produced with an alkali pretreat­
ment [cf. Wilson & Gallun (73) who used hydrochloric acid in 1923]. 
In spite of criticism by Gillespie (74), the possibility of unhairing with 
amylolytic enzymes as claimed by Burton et al. (75) has been studied 
further (76, 77) w ithout convincing evidence th a t unhairing was not by 
contaminant proteolytic enzymes or bacteria. Sodium chloride promoted 
unhairing (77), which points to bacterial growth. The recovery of wool 
from sheepskin pieces by bacterial digestion and digestion with various 
proteases has been investigated by Green (78) who reports the conditions 
for optimum pelt digestion with minimum wool damage. Durio & 
Cacciatore (79) have provided further evidence th a t the proteolytic 
activity of an enzyme towards casein is no guide to its bating activity.
The problem of deterioration of pickled pelts from New Zealand, in 
particular those th a t have to cross the Equator under very adverse 
conditions, is being tackled both in New Zealand (80) and in Great 
Britain (81). Deterioration is due primarily to  the chemical action of 
the strong acid at present used combined with elevated temperatures. 
Below 2 0 ° damage is slight, but above 30° even short storage periods are 
dangerous (81). A lower acid level (0-3% sulphuric in used pickle liquor) 
combined with 0-05% /J-naphthol to control mould growth is recom­
mended (80). Pickling with ammonium sulphate or other salting out
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salts, at pH 6  is claimed (82) to result in more intensive and more uniform 
tan penetration and increased strength than conventional methods.
Vegetable tannins
Surveys of indigenous tanning materials, both in use and potentially 
useful, including methods of extraction and analytical figures, have been 
reported from many widespread sources : East Africa (83), Australia (84), 
India and Pakistan (85-96), Spain (97), U.S.S.R. (98), U.S.A. (99,100) 
and Venezuela (101). To obtain a good quality tannin from chestnut, 
Opacic & Linke (102) point out that both bark and sapwood must be 
removed prior to extraction, otherwise the extract has an intense red 
colour with a high ash and copper content. The latter originates from 
the extraction plant due to the solvent action of constituents of the 
sapwood and particularly the bark.
A number of papers deal with rapid sole leather tannage in aqueous 
systems (103-106). Naturally, the main considerations are speed and 
quality of the leather, bu t insufficient attention is given to changes in 
constitution these strong liquors undergo when repeatedly ‘ mended \  
which may affect the leather. This information can only be gained 
satisfactorily by running the tannage for a long period. Solvent tannages 
are even more advantageous in speed. Kremen (107) and Rao (108) 
have discussed other advantages of this method, which include simpler 
control and sewage disposal, and it can be used to obtain uniform low- 
degree tannage. Acetone is the usual solvent, with its unfortunate 
attendant fire hazards.
A new approach to the problem of the reactive groups of collagen 
towards vegetable tannins is made by Larsson & Gustavson (109), using 
a high-molecular fraction of sulpholignin. They found th a t about half 
the cationic groups of collagen are irreversibly inactivated by this polyacid 
whilst the remainder are electrostatically compensated. By blocking the 
basic groups of collagen with condensed sulpho acid, Rao (110) concluded 
that the combination of tannin with amino-groups confers hydrothermal 
stability, whilst co-ordination with non-ionic groups gives the character­
istic fullness and feel of vegetable-tanned leather.
The degree of tannage obtainable with a number of the commoner 
vegetable tannins has been compared, together with the influence of acids 
and salts (111-113). Chestnut gave the highest degree of tannage in 
all comparisons.
Organic solvents have been used to obtain extracts low in non-tans, 
e.g., methanol (114), w-butanol (115) and methyl ethyl ketone (116). 
Filachione et al. (117) used a liquid-liquid extraction of a number of 
materials with methyl ethyl ketone, the recovery varying from 97% to 
as little as 20%. The azeotrope with water (11-3% water) also gave 
variable results according to the material.
Putnam and his colleagues (118,119) have continued their studies on 
the constitution of the natural tannins. Protocatechuic acid and phloro- 
glucinol have been isolated by degradation of acetylated and methylated 
mangrove. Chestnut tannin was distinguished from gallotannin by its 
inability to form ellagic acid on oxidation by air in alkaline solution,
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but the acid was produced by enzymic hydrolysis of the extract. 
Grassmann & Stadler (120), using continuous separation paper electro­
phoresis, identified several components in oak-wood, valonia, chestnut and 
divi-divi. Sulphited and unsulphited extracts were markedly different. 
Syntans were also studied. The non-tannins of several extracts were 
separated by Pezzo (121) using paper chromatography. Roux (122, 123), 
in further studies on wattle, has established a correlation between the 
affinity of wattle and certain other polyphenols towards collagen and 
towards cellulose, enabling him to use paper chromatography to study 
the effect of physical and chemical factors on their affinity for collagen. 
Solubility in water, molecular size and shape, number and position of 
functional groups, and atmospheric oxidation affect the affinity of 
polyphenols. The Official Method for non-tannins is not applicable to 
black wattle as they are converted to tannins during concentration.
Syntans
Kuntzel (124) has classified syntans into four groups on the basis of 
their reaction with hide substance : (i) aromatic, (ii) aliphatic, (iii) resin, 
(iv) aldehydes and quinones, and he discusses the technical aspect of their 
use. The sulpholignin-phenol condensates have been the subject of a 
number of investigations. Their tanning properties increase with 
hydroxyl content and an effective way of increasing the hydroxyl content 
up to 300% is to chlorinate and hydrolyse. The product is still inferior 
to quebracho but is almost equivalent in a 1 : 1 m ixture and gives a 
leather with increased abrasion resistance (125-129). The cresol deriv­
ative also showed promise for retanning chrome leather (130,131). Other 
syntan materials prepared are phenol-formaldehyde-sulphite condensate 
(equimolar amounts give hydroxybenzylsulphonic acid) (132), a substance 
from bis-^-hydroxyphenyl sulphone (similar to th a t from phenol) (133), 
substances with quaternary ammonium groups in place of sulpho 
groups (134), and condensates of formaldehyde with dicyandiamide (135), 
aniline (136) and urea (137, 138). Urea and melamine resins are retained 
by leather on account of their molecular size rather than by chemical or 
physical bonding (136).
Metal tannages
The chemistry of olation of the chromium complex continues to arouse 
controversy. On the basis of kinetic experiments, Shuttleworth (139) 
considers olation to take place in four stages on the addition of a lk a li: 
(i) rapid aggregation due to hydrogen bonding, (ii) slow mono-ol formation, 
(iii) rapid di-ol formation and (iv) rapid tri-ol formation. Kuntzel (140) 
considers Shuttleworth’s experimental data inadequate to prove this 
mechanism, which also does not invalidate his own theory th a t tri-ol 
complexes already exist in the lower basicity range through the dis- 
proportioning of primary basic salts.
Gustavson (141) concludes, and is supported by Shuttleworth (142) 
and Sykes (143), that cationic chrome tannage involves cross-linkage of 
adjacent polypeptide1 chains through carboxyl groups, thus conferring 
hydrothermal stability. Sykes’ work with acetylated and methylated
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collagens (he confuses the terms methylation and esterification) indicates 
that the hydroxyl groups are also linked. Chrome uptake was reduced 
by both methylation and O-acetylation. The nature of other types of 
bonding is less well established. Gustavson found that anionic chrome 
complexes, e.g. tetra-oxalato-diolchromiate, involve cationic and prob­
ably non-ionic (keto-imide backbone) linkages, whilst non-ionic complexes 
such as basic chromium sulphate-phthalate react with non-ionic protein 
groups. Shuttleworth disagrees and suggests th a t the two types of bond, 
co-ordinate or polar, are not related to the charge on the complex but to 
the number of co-ordination sites available on the collagen.
The pyridine neutralization method has enabled Rao {144) to determine 
the proportion of anionic and non-ionic acid groups of the chrome complex 
attached to the collagen. For instance, with 33% basic chrome sulphate, 
one-third of the acidity is fixed non-ionically and two-thirds ionically, 
and this ratio remains unaltered on drying the leather. Protein-bound 
acid may be titrated  preferentially to chrome-bound acid {145), only the 
former being titrated  up to pH4. The amino-groups do not appear to be 
involved in chrome tanning. Inouye & Kawamura {146) point out that 
the use of ion-exchange resins in the study of chrome complexes is 
unexpectedly complicated. Shuttleworth {147) using paper electro­
phoresis found th a t masking with formate, acetate and sulphite does not 
alter the charge on the cationic chrome complex. The mobility of the 
various complexes did not seem to be related to the size of the molecule. 
Gluconate has a much more powerful masking action than has formate 
as shown by physical measurements and tanning trials {148). By adding 
glucose to dichromate-sulphuric acid, the sugar is almost completely 
oxidized to carbon dioxide, whereas adding the acid last favours the 
formation of organic acids, which may account for the slight acid swelling 
produced by such liquors {149). The greater affinity of chrome a t high 
pH values and the more rapid penetration of sulphur a t low ones account 
for the uniformity of chrome and sulphur distribution in two-bath leather 
being greatest with low-pH tannage and high-pH reduction, respectively 
{150).  ^ .
Zirconium salts have been used as tanning agents and a number of 
reviews and descriptions of zirconium tanning processes have been 
published {151-155), whilst a zirconium-silica combination tannage is 
claimed to give a white, plump leather of excellent feel {156).
A series of tests a t the Materials Testing Institute a t St. Gallen {157) 
has indicated th a t iron tannage cannot give as good a quality a leather 
as chrome or vegetable tannage, even under optimum conditions which 
included pre-tannage with formaldehyde or quinone. Other studies of a 
more fundamental nature are reported from Japan {158).
Oil and aldehyde tannages
A number of studies of the mechanism of oil tannage have been 
published. Czepelak ( I n  states th a t glycerides alone will not tan, but 
that free fa tty  acids or reactive oxidation products m ust be present. 
Normal oil tannage consists partly  of an aldehyde tannage and partly 
of a tannage by polymerized o il: the former must be restrained to avoid
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formation of hard leather. Volatile m atter, water-soluble material and 
hydroxy-acids of oxidized oil all have a tanning action. Kuntzel {160) 
identified glyoxal as the most im portant aldehyde formed. Inoue & 
Kawamura {161) suggest th a t peroxides break down to glyceraldehyde 
whereas Sagoschen & Czepelak {162) think th a t the aldehydes originate 
from hydroxy-acids. Dark, acid cod oils can cause a too rapid tannage 
with inadequate oil penetration and a greater production of aldehydes 
than normal {163). Peters {164) obtains a considerable saving of cod oil 
by including a proportion of sod oil plus sulphated oil, which also gives 
a more resistant leather.
Combination tannages
Whilst vegetable and chrome tannins are bound by the basic and acidic 
groups respectively of collagen, when used together the vegetable tannins 
may enter into the chrome complex {165,166). Thus, in semi-chrome 
leathers, the tanning properties of the two components are not additive. 
According to Burton & Vivian (167) this also accounts for the increased 
fixed tan obtainable with chrome pre-tannage. As vegetable tan  causes 
displacement of acid from the protein and chrome, the chrome leather 
must first be neutralized to prevent excessive removal of fixed chromium. 
The non-tans are also capable of displacing complex-bound sulphate {168).
Alum retannage of insole leather to  give 2-5-3-0% A120 3 was shown 
by Beebe et al. {169) to result in decidedly less deterioration compared 
with straight vegetable leathers, as judged by both physical and chemical 
properties following extensive wear trials. Alum retannage applied to 
chrome suede leather gave increased fixation of anionic dyestuff ; also a 
better suede was obtained by treating the dyed leather with an aluminium 
tanning material in place of formic acid {170).
Fat-liquoring and allied processes
There is little new to report in connexion with the application of fats, 
oils and surface-active agents to leather since the last review two years 
ago. Useful reviews have been published dealing with the development 
of leather oils during the past half century {171,172), whilst the funda­
mentals of the various reactions between surface-active agents and leather 
have also been very adequately covered {173,174). The properties and 
uses of polyalcohols and derivatives such as polyethylene glycol esters in 
the leather industry have been reviewed {175). W ith the tendency to 
dilute glyceride oils with cheaper mineral oil, the influence on the 
properties must be considered. Koppenhoefer {176) has shown that 
with increasing mineral/cod oil ratio, penetration of the fat liquor increases. 
The tensile strength and stretch of the leather increase with up to 2 0 % 
mineral oil. Addition of sulphated mineral oil, on the other hand, 
decreases strength. Schiller {177) recommends the use of sulphated oils 
for chrome retanned leather since adequate oil penetration is necessary 
to avoid tinniness.
The conditions which encourage spue formation in chrome leather, 
whether of processing or storage, remain an unsolved problem in spite of 
a- concentrated attack by Pankhurst & his colleagues {178). A high
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humidity during storage increased spue, but conditions of neutralization, 
fat-liquoring, horsing, drying, and tem perature of storage had little 
influence.
Drying
A good leather can be spoilt by wrong drying, and an inferior leather 
can be improved by correct drying. A knowledge of the fundamentals 
of drying is, therefore, of great importance, and, besides, it enables the 
maximum fuel economy to be attained. Steadily rising fuel costs in 
many parts of the world are compelling consideration of the too frequently 
neglected aspect of fuel economy. Various papers deal with the influence 
of air velocity on the rate of drying {179), w ith tem perature and relative 
humidity with particular relation to the drying of sole leather {180), and 
conditions favourable for paste drying {179, 181).. The technique of 
infra-red drying has been examined, but opinions differ as to its economic 
application {179, 182). I t  seems applicable only to chrome and chrome 
retan leathers : vegetable leathers are too sensitive to damp heat.
Dyeing and finishing
Progress in dyes and dyeing during the past 50 years has been reviewed 
in two lectures delivered to the American Leather Chemists’ Association 
Golden Jubilee Meeting {183, 184). The fundamentals of the dyeing 
process with anionic dyestuffs have been dealt with by Otto {185) and 
Schweitzer & Lollar (186). The latter point out th a t dyeing chrome 
leather involves two stages : uptake of dye and its fixation by the leather. 
The forces responsible for binding the dye are penetration of the dye 
into the chrome complex, hydrogen-bonding between dye and leather 
(both extremely important), electrostatic bonding by salt links and 
possibly Van der Waals' forces. Otto discounts ionic interaction also, 
and favours hydrogen-bonding and weak polar forces. I t  is common 
experience th a t different dyestuffs influence the properties of the same 
leather in different ways and dyes can hardly be regarded solely as 
colorants.
The nature of the fat-liquor may have significant influence on the 
subsequent dyeing process by affecting dye penetration. This is discussed 
with regard to the dyeing of suede and gloving leather (187, 188). 
Another essential factor for good dye-uptake of suede is a high cationic 
chrome uptake : maximum uptake of Direct Black occurred with 8 % 
Cr20 3 (189).
The properties required of dyes for gloving leather are very exacting. 
Faure (190) and Rouanet (191) discuss fastness to light, water, perspir­
ation and washing, and, on suede, rub-fastness. Some of these qualities 
are primarily dependent on the dyestuff, its chemical constitution or 
solubility; others on the leather and conditions of dyeing, and others on 
additives such as fat-liquor. The scope of various types of dyestuffs is 
considered. Russell & Mullen (192) reached similar conclusions with 
regard to sheepskin grains tanned with a wide range of materials.
The use of anthrasol dyes (193) and various dyewood extracts (194) 
has been described ; the former have a high degree of fastness ; the latter
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contain considerable amounts of tannin. A water-repellent series of dyes 
for chrome kid based on diazotized ^-rosaniline coupled with substituted 
phenols has been reported (195). These dyes also show reduced bleeding 
when wet, and reduced wet and dry crocking.
A series of articles on all aspects of finishing by N utt (196) will provide 
a useful introduction to the subject for the student and will be of value 
to the practical man. Mudd (197) has stressed the need for standard 
methods for testing finishes. Those tests which he has found of practical 
value are based on specific gravity, pH, colour, relative opacity and 
viscosity. He also recommends (198) a photo-electric surface colorimeter 
with three composite filters in conjunction with a chromacity chart for 
assessing the colour of finishes. Improved water-resistance of form- 
aldehyde-casein finishes is claimed by pretreating the casein with 
acrylonitrile (199), and improved water-fastness by adding a surface active 
agent to the formaldehyde (200).
It is essential in testing water-repellency to use a dynamic flexing test, 
the difference between static and dynamic tests often being considerable. 
Claims for water-repellency must be regarded with caution unless dynamic 
tests have been used. A wide variety of materials conferring some 
degree of water-repellency have been reported : silicone resins (201, 202), 
siloxanes and related materials (203-205), organic titanates plus siloxanes 
(206), succinic acid derivatives (207, 208) and acrylic esters (208). The 
water-resistance conferred on suede by stearato-chromic chloride is 
stated to be retained after dry-cleaning (209).
Impregnation of leather
The interest in the impregnation of leather lies in two directions : to 
increase the abrasion-resistance and reduce the water-absorbency of 
bottom leathers, and to increase the cutting value of upper leathers. 
The majority of the work reported (e.g., 210) and the patents taken out 
during the past few years refer to the former aspect. The incorporation 
of rubber and rubber latex has attracted much attention, but has proved 
rather difficult owing to the high viscosity of solutions of the former and 
the instability of the latter in contact with vegetable leather. Means to 
overcome these disadvantages have been described (211, 212). I t  is of 
advantage to give a formaldehyde pretannage before incorporating the 
latex and then complete the tannage by the usual method (213, 214). 
Various types of resins have been advocated for impregnation of leather 
to confer special properties (215-220). Kupfer (221) reports on the 
behaviour of polyvinyl alcohol towards tanning materials and on leathers 
given a treatment with this polymer prior to tannage. Chrome and 
formaldehyde/alum leathers were hardly affected, whilst vegetable-tanned 
leather had a higher degree of tannage a t the expense of an appreciable 
increase of stiffness. An alternative to incorporating a high polymer is 
to treat the leather with a monomer or low-molecular-weight polymer 
and polymerize in  situ (222, 223). Increased fullness of chrome upper 
leathers is claimed by the incorporation of polyvinyl chloride (224), 
ymyl alkyl ether-maleic anhydride co-polymer (225) or resin tannins 
(condensed in situ) (226).
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Deterioration of leather
Whilst properly tanned collagen is inherently resistant to bacteria and 
moulds, it may be susceptible to chemicals which come into contact with 
the leather, whilst mould growth may produce stains and undesirable 
effects due to decomposition of the non-collagenous components (fats 
and water solubles). The principal defects are due to three causes, 
viz., hydrolysis of the tanned collagen, detannage and mould.
In a series of papers on the action of oxides of sulphur on vegetable 
leather, Mitton and his co-workers (227-230) concluded th a t sulphur 
trioxide is usually the principal cause of deterioration and pH  3-0 is the 
danger level. The origin of the. trioxide is the catalytic oxidation of the 
dioxide by traces of iron in the leather. Of 16 other metals examined, 
only five (tin, copper, boron, zirconium and vanadium) accelerated 
deterioration, but as the pH remained above 3, some mechanism other 
than catalytic oxidation of sulphur dioxide was involved. Deterioration 
through iron and sulphur dioxide may be prevented by the addition of 
buffer salts, e.g. lactate and citrate, and/or sequestering agents, e.g. 
sodium pyrophosphate. Jam et (231) using the peroxide test, found 
quebracho and syntan leathers the most resistant, and he recommends 
the addition of 12% neutral tartrate. On the other hand, Pektor (232) 
in gas chamber tests found quebracho leather to be one of the least stable 
and sumac the most stable. The mechanisms involved in these two tests 
are different, and since the peroxide test does not reproduce natural 
conditions, Jam et’s results are of doubtful value.
The cause of the breakdown of chrome leather by perspiration was 
considered by Colin-Russ (233) to be the detanning action of lactic acid. 
His results have now been confirmed by Roddy & Lollar (234) and by 
Gustavson (235). The latter suggests th a t the lactate ion (the free acid 
is ineffective) displaces bound sulphato groups from the collagen complex 
and so breaks the interchain peptide linkages. On drying, the detanned 
collagen fibres stick together, becoming brittle and cracking on flexing. 
Both authors show th a t urea is without effect on chrome leather, but 
Gustavson has shown th a t its effect on vegetable leather is considerable, 
and that it is a very potent detanning agent. He recommends protection 
by chrome or formaldehyde retannage, preferably the latter which 
retains the vegetable leather characteristics.
The loss in strength of leather subject to mould growth under tropical 
conditions has usually been associated with loss of grease, but Roddy & 
Jansing (236) and Lollar (237) have shown th a t this is not so. Addition 
of fungicide, whilst inhibiting mould and preventing loss of grease, did 
not prevent loss in strength which is caused by hydrolysis of collagen. 
Different leathers were affected to different extents. In  a study of the 
effect of mould on chrome leather, Mitton & Turner (238) found only 
minor changes in physical properties over 1 2  months, and these were due 
to changes in grease rather than in the leather fibres. They used 
temperatures of 24° and 30°, whereas from the previous two authors’ 
work, 35-40° would appear to be the critical temperatures for hydrolysis 
to occur. This was confirmed by Sachs (239) who found th a t boots 
sealed in polythene bags did not deteriorate if free from mould and dry 
when packed.
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There have been numerous papers dealing with mould prevention of 
leather, although many authors would appear to have a financial interest 
in the fungicides they recommend (this applies to antiseptics also). 
Laboratory evaluation tests are not always satisfactory and may give 
completely misleading results. The American Leather Chemists’ Associ­
ation provisional testing method (240) and Boidin (241) use a sand-spore 
inoculum for the treated leather, but it is not an advantage although it 
does standardize the test. Stather & Herfeld’s tests on 14 fungicides (63) 
are unreliable because, for one reason, uptake of the fungicide by the 
leather was not standardized. Grassmann & Stadler’s figures (242) for 
comparative fungicide activities are also not reliable. Their paper 
reviews the literature on factors influencing mould growth and methods 
of evaluating fungicides. _/>-Nitrophenol is now incorporated into U.S.A. 
military leather to a standard specification, and its properties, analysis 
and use have been comprehensively reviewed by Lollar (237). A suitable 
formula for use with insoles is given. Williams (243) has reviewed the use 
of sodium pentachlorophenoxide in the tannery. He quotes there com­
mended mould-proof dressing of the National Bureau of Standards, 
Washington, U.S.A., which is claimed to be satisfactory for leather in 
use in the tropics : it contains both pentachloro- and ^-nitro-phenol. I t  
is important to remember th a t treatm ent of leathers with organic salts 
to prevent deterioration may encourage mould, and th a t fungicides may 
also be required (244).
A Catenularia sp. (245) and Penicillium islandicum (246) have been 
identified as responsible for red spots and stains on chrome leather. 
Krishnamurthi et al. have undertaken a systematic study of fungi 
associated with the leather industry. Their first paper (246) describes, 
with detailed sketches, five species of Aspergilli. The action of yeasts 
on oak gall solutions has been studied by Boidin & co-workers (247, 248). 
Sketches and descriptions of 13 species, chiefly Candida spp. isolated 
from tan liquors, should prove useful to other workers in this field.
The numerous causes of iron staining on vegetable leather and means 
of preventing or removing it have been reviewed (249).
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T h e  year 1956 has shown steady, if unspectacular, progress in the  
chemistry of the skin proteins and in the processes of leather m anufacture. 
The structure of the collagen m olecule is still unsolved, though som e 
interesting but rather enigm atic observations are reported on its fibrillar 
structure and its  transform ation under certain conditions. Pre-tanning  
processes have received rather less attention  than in previous years. 
Most attention has been focused on the various tanning reactions 
themselves, w hilst post-tanning operations such as dyeing, finishing, 
impregnation and drying have been less well covered. These last topics 
and also that of deterioration b y  chem ical and biological m eans are held  
over for the n ext report. A nalytical m ethods and physical testing have  
progressed considerably since last reviewed in 1954 and 1953, respectively, 
and are included in the present report.
An outstanding event has been the publication b y  G ustavson of two  
complementary books on th e chem istry of collagen (1) and the tanning  
processes (2). Their background is the author’s work for nearly four 
decades. The latter book contains m uch hitherto unpublished work, 
which unfortunately does n ot find its w ay into the abstract literature. 
A major criticism  of these works is that G ustavson fails to  distinguish  
between generally established facts and his own personal views. Other 
leather chem ists w ill certainly cross swords over m any of his statem ents, 
whilst the student and newcom er to  the subject m ay be seriously misled.
Collagen
Further evidence for th e triple helical structure of collagen, based on 
models and calculated density, has been provided b y  Bear (3). From  a 
consideration of the effects of tanning at various pH  values and of salts 
on the wide-angle X -rky  pattern, Ram achandran (4) believes that the  
hydroxyproline cross-links are external to  the triple chain, but g ives no 
details. R eed and co-workers (5) suggest th a t different types of collagen  
molecule exist. Fibrils are com posed of filam ents differing in chem ical 
composition and heat sensitiv ity , and arranged in a helical array. 
Detachments of such filam ents rich in  hydroxyproline could give rise to  
the twisted appearance observed w ith  various treatm ents. The action  
of collagenase has been studied b y  K eech (6, 7) w ith  the aid of the electron  
microscope. The older the collagen the more susceptible it becomes. The 
action takes tw o forms, one a localized p ittin g  giving rise to  w hat are 
termed ‘ m oth-eaten fibres ’, the other a general disintegration of the
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structure. Various chemical treatm ents transform the moth-eaten fibres 
into an elastin-like material, similar to th a t produced by the action of 
warm borate buffer pH  8*8 on intact collagen (8). Further work by 
Cruise (9) on the examination under the phase-contrast microscope of 
fibres 1-2 //. diameter subjected to pressure and chemical agents has 
revealed some amazing structures variously termed vitreous, redimiculous, 
braided, barbed and jointed. Their significance is unknown. The changes 
undergone by the collagen fibril during tannage were followed by Burton 
et al. (10) under the electron microscope. Chromium produced little 
change, zirconium rather more, whilst vegetable tannins caused marked 
loss of rigidity and the destruction of cross striations and outline. Oil 
tannage caused considerable expansion and also the development of a 
twisted appearance which may, however, only be accentuation of th a t 
produced in liming. Deamination of collagen with nitrous acid is. a 
recognized technique in studying the reactivity of groups towards tanning 
agents. Cassel (11) has worked out the conditions to effect maximum 
deamination with minimum destruction of other components. The 
reactivity of calfskin is unaffected by acetone dehydration, b u t codfish 
skin becomes less reactive, attributed by Gustavson (12) to formation 
of additional cross-links by OH groups.
Gelatin
Reviews dealing with the structure (13), physical properties (14,15) 
and production (14) of gelatin have been published. There is now 
considerable evidence (16-21) th a t gelation occurs through hydrogen-bond 
linking and that gel strength is unaffected, within limits, by molecular 
weight. Below a  critical concentration, aggregation rather than  gel 
formation occurs. In  0T5M-NaCl a t 40° and in 2m-KCNS gelatin is 
molecularly dispersed, existing as random coils with a mean configuration 
comparable with typical synthetic polymers (16). A new titration method 
enables carboxyl, imidazole, a-amino and guanidino groups to be deter­
mined, giving results agreeing with those obtained by chromatography 
(22), and methods have been described for selective acetylation of 
hydroxyl groups with acetic acid, acetic anhydride and perchloric acid, 
or, better, with acetic anhydride and trifluoroacetic acid (23). Commercial 
gelatin contains ornithine derived from arginine by the action of lime (24), 
various sugars (25) and aldehydes probably derived therefrom (26), and 
(?) lanthionine sulphoxide thought to arise from cysteine by the action 
of lime and oxygen (27).
Non-collagenous constituents of skin
The electron-microscope studies on collagen by the Leeds school 
reported above (5-8) would suggest th a t elastin is produced from it by some 
transformation, but the evidence is far from conclusive. The bearing of 
work carried out on Ugamentum nuchae and aorta, on a material whose 
significance in skin is obscure, is doubtful and does not justify extensive 
review. Reticulin, on the other hand, is reported to  be a m ixture of 
collagen, fatty acid and polysaccharide m atrix (28-30), which is believed
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by some to affect the quality of the leather, but again there is no con­
clusive evidence. Methods for demonstrating reticulin by staining (31, 32) 
and polarized light techniques (33) have been published. Analyses of 
S-S and SH groups in different layers of human skin led van Scott & 
Flesch (34) to the conclusion th a t S-S formation and epidermal keratin- 
ization occur in the Malpighian layer. The skin structure of Egyptian 
buffalo (35, 36) and red hairy S. Indian sheep (37) have been described.
Curing
Swedish investigations (38) have shown th a t brining hides gives softer-, 
lighter coloured, less veiny leather than does salting. Tests with the 
German APC-impregnated paper confirm its efficacy, bu t it is dear and 
difficult to apply. Salt spots were always associated with soluble Ca and 
Mg salts either in the curing salt or wash water. Nandy et al. (39) found 
that the moisture content of wet-salted hides should not be above 45% 
(obtainable at 80% r.h.). Higher figures gave a poorer cure as measured 
by bacterial count and soluble nitrogen. Collagenase activity has been 
reported in halophilic bacteria isolated from salted hides (40). Further 
confirmation has been obtained of the dependence o f ‘ red heat ’ organisms 
on Ca and Mg (41). The presence of formaldehyde in dried skins, in traces 
which cannot be detected even with chromotropic acid (sensitivity 1 in 
106), may impede soaking back (42) and have a detrimental effect on 
gelatin extraction (43).
Pre-tanning processes
I t is well known th a t the stages in a  tannery are inter-related : under­
treatment at one stage can be corrected in a subsequent one. Dempsey (43a) 
has shown this to apply to  the soaking of dried hides for full chrome side 
leather. This work should lead to the production of leather more nearly 
approaching that from wet-salted hides. Lollar & Wilson (44) found th a t 
polysulphide in the soak gave softer elk side leather than NaOH at 
slightly lower average pH.
In a study of the influence of temperature on unhairing with lime, 
Na2S, NaHS, lime-As2S3 and lime-dimethylamine, Lassere (45) found th a t 
increasing temperature up to 30° or 37° gave more rapid unhairing, but, 
unless strict control was observed, there was a greater loss of hide sub­
stance. The oxidation of alkaline sulphide solution in air was shown by 
Booth (46) to give polysulphide, but, if iron is present as a catalyst, 
sulphite is formed. In  a  lime-sulphide paint this will yield NaOH by 
double decomposition, which, it is concluded, is the case of looseness, 
drawn and weak grain and other defects in sheepskin leather. (This 
probably applies only where the painted skins are hung and have ample 
access to air.) The influence of liming conditions on buffalo hides has 
been studied in attem pts to produce a  fibre structure similar to oxhide 
sole leather. Addition of 1% Na2S to the limes gave the maximum angle 
of weave (47). For glazed kid a short liming is beneficial with smaller 
skins, giving a considerably fuller, less veiny leather with smaller flanks. 
The grain is somewhat more pronounced, which is said to be an advantage 
with small skins (48). Conditions of soaking and liming as they affect
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aniline-dyed upholstery, luggage and harness leather are reported by 
Gnamm (49).
Green (50) has critically reviewed the literature on the mechanism of 
bating, one of the most controversial problems of leather science. Methods 
have been described for evaluating the proteolytic activity of bating 
materials, based on casein (viscosity) (51), casein and nitrocasein (colori­
metric) (52), gelatin (viscosity) and involuntary muscle (53). The 
conditions of the casein and nitrocasein methods were adjusted to avoid 
interference by the wood flour. The gelatin method is claimed to give a 
true measure of bating vis-a-vis proteolytic activity, a problem which 
has hitherto baffled International Committees specially set up for the 
purpose, since the mechanism of bating was unknown.
A new antiseptic introduced into the leather industry by Green (54) is 
sodium chlorite, which may be used in curing, soaking, enzyme unhairing 
and bating. Its main advantages over currently used materials are its 
ability to penetrate into skin and its low reactivity towards wool, making . 
it especially suitable with woolskins. Burton et al. (55) have patented 
the use of ‘ mucolytic ’ enzymes in pre- and post-tanning treatm ents and 
for unhairing. I t  is claimed that, when applied to chrome leather in the 
blue, these enzymes give more even fat-liquor penetration and dyeing.
Vegetable tannage
Chemical examination of vegetable tanning materials continues to be 
of interest, and a number of surveys of indigenous materials from 
different parts of the world have been made. Tannin and non-tannin 
substances have been studied and identified in a number of other cases. 
In connexion with wattle tannin, Putnam  (56) has now reached the 
conclusion that more than one component is present in purified wattle 
tannin, but their ionic mobilities appear to be identical. E ither they are 
stereo- or positional isomers, or else they form a complex and migrate 
together. Roux & Evelyn (57) showed by paper chromatography th a t 
several polyphenols are present and criticized Putnam ’s earlier techniques 
(see also (58) ). Roux (59) has also studied the reaction of bisulphite 
with wattle and quebracho. The particle size of quebracho was not 
affected, but its affinity for cellulose (earlier shown to be a measure of 
tanning affinity) was reduced, as also was th a t of wattle.
The mechanism of vegetable tanning, reviewed by White (60) is still 
imperfectly understood but an im portant advance in our knowledge has 
been made by Lanham & Pankhurst (61) using monolayer techniques. 
They found that Ar-methoxymethyl-nylon reacts with various tannins 
m the same way as does collagen, which supports the view th a t ionic 
groups are not essential in tanning, but hydrogen bonding is chiefly 
involved between phenolic OH groups and the carbonyl group of the 
keto-imide backbone.
It is of interest to note th a t spray-drying of tannin extracts leads to 
no loss of tannin (62). The influence of temperature on the tanning 
process has been studied by van Vlimmeren (63), who concluded that 
best results are obtained if the temperature does not rise above 20° until 
the hide is struck through, after which it is raised to 35-50°.
L E A T H E R 329
Beebe et al. (64) have described a novel solvent tannage (vegetable 
tan dissolved in an organic solvent) in which the hides are not first 
dehydrated with acetone. This certainly adds to the attractiveness of 
solvent tannage but further work is required to achieve a satisfactory 
leather.
Mineral tannages
A rapid chrome tannage, which entails forcing a solution of CrCl3 in 
methanol-acetone-water through the skin under vacuum, has been 
patented (65), but it seems doubtful th a t it could prove economic. The 
introduction of chelating agents in place of masking agents is proposed 
by Gard (66). By such means the basicity factor, the neutralization 
process and the two-bath process would be eliminated and dyeing should 
be facilitated. Stubbings (67) has compared sugar- and S 0 2-reduced 
chrome liquors and the effect of basicity on the quality of calf leather. 
Similar quality leather was produced from both types of liquo r; 35% 
basicity gave the firmest leather, but basicity did not influence grain 
smoothness. Calgon has been shown to mask the chromic io n ; silico- 
fluoride does not (68). Up to one half of the chrome has been replaced 
by aluminium in calfskin tannage without appreciable detriment to the 
leather (69). The difference in the leather produced by the one- and two- 
bath tannages is explained by Gustavson (70) as due to the fact th a t in 
the latter a substantial part of the chrome is fixed as non-ionic and anionic 
complexes. Both Gustavson and Sykes (71) used the technique of blocking 
particular active groups of the collagen in their studies of the reaction 
mechanism. Sykes observed th a t acetylation (blocking hydroxyl- and 
amino-groups) reduced the uptake of cationic, but not anionic chrome, 
but did not affect the shrinkage tem perature (Ts) of either leather. 
Methylation (blocking carboxyl groups) reduced chrome uptake from both 
forms and the Ts was not affected by tannage. Thus combination with 
the carboxyl groups alone confers thermal stability, bu t is not the only 
bond involved. Naidus & Browne (72), from their study of the elastic 
behaviour of tanned kangaroo tail tendon, also reached the conclusion 
that only part of the chromium was involved in cross-linkages. During 
drying of unneutralized chrome leather there is a loss of ionic bound acid, 
but not after neutralization. These facts led de Wijs (73) to conclude, in 
agreement with most other workers, that the ionic bound acid attached 
to the chrome enters the chrome complex during drying.
Gustavson (74), in studies of the vegetable re-tannage of chrome leather, 
provides evidence that, in some cases at least, the vegetable tannin enters 
the chrome complex, since uptake is increased by pre-chroming. This is 
not so with gambier, which is predominantly a non-ionic tannage. The 
effect of neutral salts on chrome re-tannage of vegetable leather is not 
the same as on direct chrome tannage, attributed by Venkatachalam 
et al. (75) to the influence of the vegetable tannins on the chrome complex.
The zirconium ion is capable of being masked in a similar manner to 
chromium (76), and the use of lactate or acetate has been recommended 
to produce a more even tannage and the use of less acid conditions, up 
to pH 5. A combined zirconium-silica tannage is claimed (77) to give a 
white full leather with a good grain.
M
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Aldehyde, oil and related tannages
Bose et al. (78) have shown th a t acrolein and crotonaldehyde react with 
collagen similarly to formaldehyde, bu t they are less reactive. The epoxy 
resin Epon 562 (epichlorohydrin-bisphenol condensate) behaves similarly 
{79). Gustavson (80) has used various combination oil tannages to provide 
strong evidence in support of the dual nature of chamois tannage, acrolein 
or aldehydes in general providing thermal stabilization through the basic 
amino-groups, and peroxides interacting with non-ionic, probably peptide, 
groups.
Syntans
Gustavson {81) has confirmed the view of Turley that sulpho-acids 
not only react witjr the chrome complex but also act as tanning agents 
by fixation with basic amino-groups. The optimal tanning effect with 
phenol-sodium sulphite-formaldehyde condensate is obtained with the 
components in the ratio of 1 : 0*3-04 : 0-7-0-8 respectively {82).
Fur and woolskin dressing
Methods of dressing have changed considerably over the past 10-20 
years, particularly with the introduction of chrome tanning in place of 
alum, so that recent descriptions of modern methods {83) are im portant 
additions to the literature. The use of surface-active agents, a t the 
various stages from scouring the raw skin to after-dyeing, have also been 
described (84).
Physical properties and physical testing methods
An advantage of leather over substitutes is the little variation of 
mechano-elastic properties with temperature. Grassmann & Zeschitz (85) 
found the stretch of various leathers to be little affected over the range 
—70 to 60°. Toth & Posa (86) measured the bending modulus of 
elasticity of vegetable-tanned sole leather and found Hooke's Law to 
hold for slight bending and the modulus to be much lower for wet than 
for dry leather. The measurement of the velocity of sound in leather 
has been used to follow changes in physical and chemical structure (87). 
Although good correlation was shown with tensile strength and elongation 
at break tests, the method has shown only limited promise in investigations 
of a practical nature. Mitton (88) has reported figures for the coefficient 
of expansion of leather. Although the values are 50% higher when the 
leather is wet, the effect is of no practical importance, since heating also 
affects water content, this having a much greater effect on dimensions 
than the thermal expansion. Mitton also reports volumenometer measure­
ments of density (89), and specific area measurements by nitrogen 
adsorption (90). The surface area depends on the nature of the tannage 
and the moisture content, and is increased considerably by degreasing. 
Stromberg & Swerdlow (91, 92), using their mercury pressure porosimeter 
previously used on collagen (93), have determined the pore size of leather 
over the range 200-40,000 A diameter. The volume of pores less than 
^000 A diameter was a  significant proportion of the total pore volume.
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A knowledge of pore size and location is suggested as an aid to understand­
ing properties such as water vapour transmission and resistance to flexural 
fatigue, and in control of size of impregnant molecules. Kanagy (94) measured 
the specific heat of collagen and various leathers and showed (95) tha t 
leather has a higher heat of wetting than have other textile fibres, the 
figures being proportional to the water absorbed at 65% R. H. Mitton & 
Mawhinney (96) examined the heat of wetting of leather a t various water 
contents. Three phases were distinguished: (i) adsorption directly on 
active sites, producing most heat, (ii) adsorption on already occupied 
sites to form multilayers, producing rather less, and (iii) interfibrillar 
absorption, with very little contribution. About 7 |%  and 15% water 
are adsorbed in each stage (i) and (ii) with vegetable and chrome leather 
respectively. Experiments with plugs of milled leather fibre led Mitton 
(97) to conclude that the diffusion of water vapour through leather occurs 
practically wholly through the capillary spaces rather than through the 
solid fibres. Simoncini (97a) has compared leather and substitutes in 
respect of adhesion to a wet plate, dynamic friction, penetration by a 
steel pin, and thermal conductivity. Compared with the substitutes, 
leather had a lower adhesion, lower coefficient of friction (except on an 
oily surface), higher resistance to penetration (see also 97b), and 0-58 times 
the conductivity. The relation of degree of tannage and moisture content 
to tensile strength has been studied theoretically by Kutyanin (98). 
Raw hide exhibits maximum strength at medium water contents (26 parts 
per 100 parts hide) because water facilitates orientation of chains but 
weakens bonds. On the other hand, the strength of leather increases 
continuously with water content, because water cannot weaken the bonds 
formed by the tanning agent. Maximum strength occurs with moderate 
degrees of tannage, because cross-links are formed without reducing the 
ability of the chains to be orientated by stress.
In many cases results of physical tests do not correlate with wear 
trials, either because of some shortcoming of the instrument used for 
testing or because wear is due to a combination of superimposed physical, 
chemical and biological factors.
Analysis
As the number of papers dealing with analysis of materials connected 
with leather manufacture is so large, this report is confined to methods 
that have been applied to leather and tanning solutions. Both the 
Society of Leather Trades Chemists (99) and the American Leather 
Chemists Association (100) have recently revised their analytical methods, 
the former having made them official a t their Annual Conference in 
September 1956. The British Society has now fallen into line with all 
other countries in using a grinding technique in place of shaving for 
leather analysis (100a). The International Leather Analysis Commission 
(101) has proposed to draw up a series of International Standards, as there 
is no co-ordination between methods used in different countries, e.g., 
the method for moisture determination differs with almost every Society. 
Efforts are being made to standardize the preparation of hide 
powder (102), as the method of preparation, in particular the grinding
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technique, influences its activity (103), partly owing to particle size, but 
also to heat denaturation (104). Difficulties are also reported in the 
unification of methods of tannin analysis (105).
Tannery effluents
The treatment of tannery effluent is complicated by the diversity of 
tanning processes, the requirements of river and sewage authorities, and 
the availability of domestic sewage for admixture. There is no clear-cut 
solution and every case must be considered on its merits. Of the three 
methods of treatm ent—by sedimentation and by chemical and biological 
means—the first two have received considerable attention, the last very 
little. That biological B.O.D. reduction is a feasible proposition, a t least 
in some cases, is indicated by a recent report which gives a detailed 
description of percolating filters and activated sludge pilot plants for 
treatment of a sheepskin tannery effluent, operated over the period 
1917-25 (106). I t  is questionable whether any tannery could afford to 
operate its own plant, but the information is valuable to sewage authorities 
dealing with a high proportion of tannery effluent.
Health hazards
Anthrax, the most dangerous hazard to which tannery workers may be 
exposed, is no longer the menace it used to be owing to advances in 
tannery precautions and medical knowledge! Hailer & Heicken (107) 
examined various chemical treatm ents for sterilizing soak waters from 
infected hides and reached the conclusion th a t chlorine is the most 
efficient (107), but sodium bisulphite (108) has also been recommended 
as has Na2S, the sporicidal action of which is due to its hydrolysis to 
NaOH (109). Spores remain viable for long periods on neutralized 
tannery sludge (110). Other health hazards in the leather industry 
include chromate dermatitis and chrome ulcers which have been success­
fully treated with B.A.L. (dimercaprol) (111) and the CaNa2 salt of 
ethylenediaminetetra-acetic acid (112).
Substances that constitute fire hazards are syntans and leather pigments 
which are classed with dusts th a t ignite readily (113).
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T h e  main trends to be observed in the leather industry at the 
present time are mechanization, speedier processing, and the 
improvement in wearing qualities so as to combat more effectively 
the increasing competition from leather substitutes. It is beyond 
the scope of this report to deal with mechanization other than where 
leather-making processes themselves are affected. In this connexion 
further developments are reported on the Secotan process and a 
machine is now available (I). I t enables hides to be chrome tanned, 
fat-liquored and dried in a series of continuous automatic operations 
in a matter of minutes, which in a conventional tannery would 
take 1-2 weeks. Previous attempts to develop solvent tannage 
systems failed because of the inability to handle and recover the 
solvent. Unfortunately, chrome tannage in an organic solvent 
requires the use of a more expensive chromium salt and more is 
required, so that this stage (from which the process derives its 
name) is less likely to be adopted than the fat-liquoring and drying 
stages. Oils can be used for fat-liquoring which could not be used 
hitherto because of their immiscibility with water, whilst the solvent 
drying system serves to retain the elasticity and pliability of the 
original skin. Another reason for adopting an organic solvent 
tannage system is to ease the effluent disposal problem. One 
large American corporation proposes to invest $100,000 to 
develop a process on account of trouble with its present effluent 
plant (2).
The vegetable tannage of sole leather which used to require 
9-12 months has been reduced in modem times by scientific control 
of the liquors to about 6 weeks, but tanners would like to see this 
reduced much further (3). There are several ways of achieving 
this, such as solvent tannage or pretannage with syntans or poly­
phosphates, but as Shuttleworth has pointed out (4), the cost of the 
pretreatment may be more than the saving in capital tied up in the 
hides and tan liquors. On the other hand, pretannage may result 
in an improved product, e.g. as has been claimed for sodium 
tripolyphosphate pretannage (5).
Future years should see a greater use of radioactive elements in 
fundamental studies of leather manufacturing processes. Their
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application to the theory of chrome tanning is reported below, and 
Heyden et al. (6) have used wetting, dispersing and emulsifying 
agents containing 35S to investigate their uptake and binding by 
hide substance.
The constifutents of skin
Very little advance has been made during the past 12 months in 
our knowledge of the constitution of collagen and its relation to the 
soluble collagens and gelatin. There is much debate whether 
extraneous materials, particularly mucopolysaccharide, play an 
essential part in fibril formation. Ames (7) suggests that irregu­
larities in the nitrogen content of collagen and gelatin can be 
explained by the presence of a non-nitrogenous constituent, and 
the transformation of collagen into gelatin may be greatly influenced 
by these associated substances. To account for the fact that acids 
solubilize only a portion of the collagen, Veis & Cohen (5) postulate 
two types of cross-linkage, one acid-stable that holds the molecules 
together, the other acid-labile that binds discrete fibrillar but 
soluble fragments. The stable bonds require heat to disrupt them, 
giving rise to acid gelatin in which some hydrolysis of peptide bonds 
also occurs. Whatever the nature of the bonds between the 
collagen molecules, their formation is a gradual process. The 
proportion of acid-soluble collagen decreases with the age of the 
animal, not accountable solely by a reduction in the amount of 
procollagen (collagen precursor) in the interfibrillary fluid. Hall 
& Reed (9) have shown that the reactivity of collagen towards 
collagenase falls and the shrinkage temperature rises slightly with 
the age of the skin, whilst Buzagh et al. (10) report that membranes 
prepared from soluble collagen lose their solubility and exhibit 
shrinkage in 40% potassium iodide solution after ageing for 4-5 
days, becoming completely insoluble in 5-6 months. The suggestion 
that the molecules are arranged stepwise is made by Boedtker & 
Doty (II) on the basis of molecular weight determinations of acid- 
soluble collagen (345,000) and after denaturation to form parent 
gelatin (138,000). The ratio of 2-5 : 1 indicates that the molecular 
weight of the parent gelatin is not uniform.
The epidermis, whose removal is an essential process in leather 
manufacture, has received relatively little study. The majority 
of recorded analyses are based on material from abnormal sources, 
but now the first complete analysis of normal material has been 
reported by Bowes & Elliott (12). Whilst it is recognized that the 
proportion of S-S to SH groups increases with distance from the 
dermis this does not materially affect the conclusions reached. The 
main difference between epidermis, regarded as a pseudokeratin, 
and true keratin like hair, is its much lower content of cystine and 
cysteine. The high ratio of SH to S-S groups, moreover, means that 
epidermis swells and dissolves more readily than hair, whilst its
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less organized structure compared with collagen causes it to dissolve 
preferentially. Bowes & Elliott suggest that unhairing by alkali 
alone is probably due to dissolution of the epidermis. If sulphide 
is present, breakdown of the S-S bonds of the hair occurs increasing 
the swelling and solubility to a greater extent than that of 
epidermis, so that the hair shaft is also attacked. If the skin is 
dried or salted, the basal layers of the epidermis become partially 
insolubilized so that alkali alone does not give satisfactory unhairing. 
A similar situation probably exists with acetic acid which will 
unhair or dewool only fresh, unsalted skins (13).
Curing
The aim of the perfect cure is to preserve the hide or skin in its 
natural state, or at least only those constituents should be lost 
whose removal in pretanning processes is necessary anyway. 
Kremen (14) advocates solvent dehydration, which would save the 
cost of salt and transport of water, eliminate the possibility of 
bacterial attack and salt stain, and remove fat which interferes 
with curing, tanning and finishing operations. At present wet- 
salting or brining are the most acceptable methods from economic 
and leather production aspects, although drying is widely practised 
owing to its cheapness and simplicity in suitable climates. Cooper 
& Sykes (15,16) have shown that even freeze-drying, which method 
of drying (apart from the use of solvents) causes least denaturation 
of the interfibrillary proteins, nevertheless causes some loss of 
solubility and hinders soaking back. Mucoproteins did not seem to 
be involved since trypsin, but not hyaluronidase, increased the 
solubility of these denatured proteins. Overheating during drying, 
especially with ground dried skins, can cause denaturation of the 
collagen itself resulting in the skin going into holes in the lime liquor 
(17). The critical temperature is the shrinkage temperature of the 
collagen. The damage can be recognized in the dried skin by its 
crackiness, which is easy with small strips but very difficult with 
whole skins.
Wet-salted hides and skins are subject to attack by halophilic 
bacteria and by hard spot (salt spot), which may be reduced by 
adding an antiseptic to the salt. Woodroffe et al. (18) found that 
hard spot was effectively controlled with boric acid which is believed 
to act by inhibiting phosphatase activity in the skin. The spots 
are due to liberated inorganic phosphate combining with calcium or 
magnesium impurities in the salt. I t was not established whether 
the effect of boric acid was merely due to its acidity or whether the 
borate ion had a specific action.
A cheap dusting powder for inhibiting bacterial, mould and insect 
damage to skins both during and after curing has been successfully 
introduced in Kenya by Green & Mann (19). I t contains y-benzene 
hexachloride, sodium pentachlorophenate and boric acid.
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Pretanning processes
In an investigation of the use of mucolytic enzymes for dewooling 
sheepskins, Carrie et al. (20) found that the active agent was the 
acid present in the buffer solution. This led them to test a variety 
of organic acids, also ammonia and ammonia plus lime for com­
parison, and they concluded that acetic acid was the most efficient. 
Skins may be soaked for 16 h. in 0-05 M-acetate buffer pH 4-0 at 
35°, or dipped in M-acetic acid and incubated for 16 h. at 32°. 
The wool was loose enough for commercial pulling, but some tight 
patches remained for which no explanation could be given. The 
commercial exploitation of the process in Australia is believed to 
have failed for that reason (21).
Kiintzel & Stirtz (22) in a study of proteolytic enzyme unhairing 
showed that hair loosening commences with an attack on the outer 
root sheath followed by the inner root sheath and the unkeratinized 
portion of the hair. As the keratinized hair within the follicle is 
not attacked, short hairs are difficult to remove in the unhairing 
machine. This constitutes a major impediment to the adoption 
of the enzyme unhairing process since efficient removal of short 
hairs can only be obtained by extensive degradation (with sulphide) 
of the hair within the follicle.
The purpose of bating is to produce a softer leather with grain 
having a better colour and is effected by treating the delimed skin 
with a proteolytic enzyme. Up to 1910 it was generally believed 
that this was accomplished by loosening the scud, a mixture of 
lime, degraded proteins, hair residues and grease. Since then a 
great deal of work has been carried out to elucidate the true 
mechanism and many theories have been proposed, none being 
universally accepted. A new approach has now been made by 
Green (23) who provides evidence that bating involves the removal 
of degraded collagen (pro-gelatin) produced by the swelling action 
of the lime. This is not an entirely new theory, but with the aid 
of additional experimental data he has been able to explain all the 
phenomena associated with bating by one comprehensive scheme. 
For example, the critical temperature of bating of about 35° is 
explained by the need to denature thermally the pro-gelatin before 
it can be hydrolysed by the tryptic enzymes and throws new light 
on the mechanism of the proteolysis of collagen (24).
Vegetable tannage
Fundamental work on vegetable tannins is concerned with their 
chemical structure and their mode of interaction with collagen. 
The complex nature of the tannins and the large number of different 
structures that occur, not only from plant to plant but within the 
same plant, makes the problem almost formidable and progress 
must necessarily be slow. The condensed tannins are particularly
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difficult. The present position has been summarized by White (25). 
King & White (26) have shown that the condensed tannins of 
quebracho probably derive initially from hydrolysable tannins. 
The latter are formed in the leaves of the tree (Schinopsis) and are 
condensed in the heartwood from which the commercial extract is 
made. Gallotannins disappear abruptly on passing from the sap- 
wood to the heartwood. An alternative approach to the problem 
, is to study the precursors of the tannins and the mechanisms by 
which they are converted into tannins as has been done by Hathway 
(27) who reports on the conversion of gallic acid into ellagic acid. 
Sykes & Roux (28) in a further contribution to the chemistry of 
wattle (mimosa) tannage have conclusively established that the 
tanning process involves predominantly hydrogen bonding. This 
conclusion is based on the similarity of the affinity of wattle for 
collagen, various modified collagens, and cellulose.
The speed of vegetable tannage is regulated inter alia by the 
salt and acid content of the liquors, and hence on the degree of 
swelling of the hide at any stage. Rapid tannage is promoted by 
commencing with a completely delimed pelt and gradually increasing 
the swelling by increasing the acidity of the liquors, the salt being 
maintained at a constant level. An alternative approach described 
by Shuttleworth (4) involves maintaining the pH constant and 
inducing plumping by reducing the salt content in the later liquors. 
The grain is protected by a light polyphosphate pretannage in the 
pickle, in much smaller quantity than is necessary in other rapid 
tannage systems. Full details are given for the operation of an 
unhairing, liming and tanning process taking only 10 days. It 
must be pointed out that this process is particularly suited to 
mimosa because of its very low salt content. Apart from regulating 
the speed of tannage, the acid and salt content of the liquors affect 
the properties of the leather (29-31). Anderson (31) has shown 
that the ultimate firmness of the leather is affected primarily by 
the degree of plumping of the grain layer at the beginning of 
tannage, out of all proportion to the relative thickness of grain 
and eorium.
Metal tannages
The nature of the complexes formed by various anions with 
chromium have been investigated by Ramaswamy & Nayudamma 
(32) using ultra-violet spectrophotometry. Their results indicated 
that complexes containing 2 glycollate, 1 tartrate, 1 citrate and 
both 2 and 3 oxalate ions per Cr atom are formed, whilst glycine 
complexes with 2 Cr atoms at pH 3-2 and 1 Cr atom at higher pH 
values. Thorstensen (33) studied the equilibria of organic anions 
with sulphate in the complex. The carboxyl group of collagen also 
competes with these ions. Its ability to displace formate increases 
with rising pH and it is necessary to tan at a higher pH with formate-
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masked liquors than without formate. The more powerful com- 
plexing action of acetate makes it unsuitable as a masking agent 
as the precipitation point approaches before practical tanning can 
occur. An interesting observation on the dynamic state of the 
mixed cationic-anionic oxalatochromium compound [Cr0x(H20)4], 
[Cr0x2(H2O)2] has been made by Kawamura & Wado (34). This 
compound was synthesized with 61Cr in the anionic portion and 
the Cr was found to be in equilibrium with the non-radioactive Cr 
in the cationic portion due to transfer of oxalate ions. Although 
this compound behaved like a purely cationic agent towards collagen, 
60-90% of the combined Cr in the leather was radioactive and 
originally anionic. Addition of anionic Cr to a cationic liquor 
accelerated the rate of chrome uptake. This indicates that the 
initial stage of tanning with a mixed cationic-anionic liquor is 
combination of anionic chrome with basic groups of the collagen 
by electrovalent links, followed by conversion to cationic chrome by 
loss of oxalate ions and subsequent co-ordination with the acidic 
carboxyl groups.
Aldehyde and related tannages
Formaldehyde is the only aldehyde of commercial importance 
in leather production, but many other reactive aldehydes have been 
shown to have a similar tanning action. Developments in the 
chemical industry may, however, lead to the production of such 
aldehydes as glyoxal and glutaraldehyde sufficiently cheaply to make 
their use economic. An interesting material now available is 
aldehyde starch (starch oxidized with periodate) which gives leather 
with a shrinkage temperature of 77° (35). Leather tanned with 
epoxy resins show useful properties which commend its possible 
practical application (36, 37). I t  needs little fat-liquoring, is white 
and is unlikely t'o discolour appreciably in industrial atmospheres. 
The properties of leather tanned with aliphatic aldehyde-ketone 
condensate resins have been described (38).
Sulphur tannage
Sulphur tannage (in combination with other tannages) has received 
comparatively little study in view of its relative unimportance. 
Recent work on the mechanism (39) indicates that the collagen 
reacts through its amino and guanidino groups, the sulphur probably 
bridging adjacent chains. Blockage of OH and COOH groups of 
the collagen did not affect sulphur uptake.
Fat-liquoring and oiling
In a study of the influence of oil on vegetable-tanned split-hide 
leather, Pomeroy (40) reports that as little as 1% causes an 
appreciable increase in tensile strength, breaking load and elong­
ation at break. The increase, which is independent of the type of
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oil, continues up to about 16% of oil and levels off. Similarly, 
Mattei & Roddy (41) found that fat-liquoring chrome leather 
increased the tensile strength, elongation at break and stretchiness. 
Although these facts are well-known to the practical tanner, it is 
useful to have the data scientifically recorded. The observation 
that oiling of single vegetable-tanned fibres has very little effect 
on extensibility (42) is consistent with the view that oil does not 
penetrate into fibres but merely lubricates between them.
Drying
It is well-known that the properties of chrome leather are 
influenced by the drying conditions. A preliminary report on the 
effect of drying variables (temperature and relative humidity) on 
shrinkage during drying has been made by Freudenberg (43). He 
found that shrinkage was not related to the final moisture content, 
but rather to the rate of drying as determined by the R.H. Shrinkage 
terminated when the moisture content reached 26-27% irrespective 
of the R.H., but both the rate and extent of shrinkage were greater 
the lower the R.H. It is deduced that control of drying is most 
important in its earlier stages and, as 27% of moisture corresponds 
approximately to the hygroscopic point, the water above and below 
this point is retained in the fibres in different ways.
Impregnation
In spite of certain disadvantages of substitute soling materials 
over leather, such as higher thermal conductivity, lack of perme­
ability to water vapour, and tendency to spread and curl up at the 
toe, their generally much better wearing properties prove an over­
riding consideration with many people since this is reflected in the 
ultimate cost. In an attempt to recover part at least of this lost 
outlet, heavy-leather tanners have been conducting intensive 
research into methods of impregnating leather to increase its wear 
resistance. There are, however, many difficulties to overcome, most 
important being that the flexibility should not be materially reduced. 
The impregnant should be non-migratory, and have no adverse 
affect on the processes of channelling and feathering, and on the 
adhesion of the sole to the insole. In addition, at least in Gt. 
Britain, it should not darken the leather, since the shoe manu­
facturer (not the consumer) has an inexplicable objection to dark- 
coloured sole leather. Most of the work done in this field has been 
published in the patent literature and is of doubtful value. Where 
practical success has been achieved, the results are usually not 
published. Mention should, however, be made of the considerable 
amount of French work on urea-formaldehyde (44, 45) and polyfso- 
butylene (46) .
Another aspect of impregnation, particularly of very light,
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flexible sole leather, is to increase its resistance to water (as opposed 
to water vapour) penetration. Griinler (47) has reviewed recent 
applications, including Densodrin VW (probably a polyvinyl ether) 
and Person (48) deals with Bavon 66 (an alkyl derivative of 
succinic acid).
Deterioration and defects in leather
Attempts to solve the fatty spue problem in the past have been 
confined almost exclusively to a search for the perfect fat-liquor. 
It is often found, however, that firms producing a similar type of 
leather and using the same fat-liquor, experience fatty spue to 
different extents. Mitton & Pankhurst (49) have investigated the 
method by which fatty materials migrate through leather and how 
migration could be regulated by normal operations in leather 
manufacture. The conditions under which migration occurs depend 
on the nature of the grease : triglycerides spue at relatively high 
temperatures (40° for tristearin) especially in dry atmospheres, 
whereas fatty acids spue below 20°, particularly at high humidities. 
Since grease migrates over the surface of the fibres, the condition 
of the fibre surface is important. Vegetable-tanned leather is far 
less likely to spue than chrome-tanned. With chrome leather, a 
high pH of neutralization in the final stages, a low amount of mor­
dant and a minimum of dye were found to assist in minimizing spue.
The increasing use of synthetic soling materials has increased the 
problem of deterioration of the inner components of the shoe, 
mainly the early destruction of the insole, by perspiration. 
According to Kennedy (50), the cause of damage to 50% of welted 
shoes beyond repair is the brittleness and deformation of the insole. 
Greatly enhanced resistance to perspiration has now been reported 
by many workers using combination tannages in place of the former 
straight vegetable tannage. Hill et al. (51) describe successful tests 
with miners’ boots with chrome/syntan insoles, and Grassmann & 
Stadler (52) found vegetable-tanned leather retanned with resins 
(melamine or dicyandiamide) to have high resistance. In a very 
comprehensive investigation of syntan- and vegetable-tanned leathers 
retanned with a variety of agents, Vago & Fekete (53) finally 
recommend retannage with aluminium sulphate and formaldehyde, 
confirming earlier work which has shown this tannage to give a clear 
increase in shoe life.
The deterioration of bookbinding leathers in industrial atmos­
pheres is believed to be a three-stage process : (i) absorption of 
sulphur dioxide, (ii) oxidation to sulphuric acid (probably catalysed 
by iron or other metals), (iii) oxidative hydrolysis of the protein. 
Beebe et al. (54) point out that the amount of ammonia produced 
is too large to be accounted for by hydrolysis alone' The oxidation 
may follow rather than accompany the hydrolysis, since some 
leathers undergo up to 40% loss in strength with negligible produc­
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tion of a m m on ia . T h e  g a s  c h a m b e r  t e s t  g a v e  r ea so n a b le  co rr e la tio n  
with exposu re t e s t s  la s t in g  1 2 -1 9  y e a rs . T h e  o x y g e n  b o m b  t e s t  is  
unsatisfactory s in c e  i t  ta k e s  n o  a c c o u n t  o f  th e  b u ffer in g  a c t io n  o f  th e  
leather and  r a te  o f  a b so r p tio n  o f  a c id , w h ils t  th e  p e r o x id e  t e s t  is  
unsatisfactory fo r  c o m b in a t io n  le a th e r s  a n d  in tr o d u c e s  fa r  m o re  
acid than  does th e  g a s  c h a m b e r  te s t .
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BATING MATERIAL FROM FISH VISCERA.
By G. H. Green. 
Summary.
A  liquid bating material prepared from minced fish viscera pre­
served with ammonium chloride has been tested on a works scale for 
its bating action on various types of skin. Results equal to those with 
; the tanners’ usual bate (pancreatic, adsorbed on wood flour) were 
obtained.
The pyloric caecum of fish, corresponding to the pancreas of warm­
blooded animals, has long been known to contain proteolytic enzymes. The 
possibility of using these enzymes as a substitute for hog pancreatin in bating 
was investigated as far back as 1931 by Stather and Machon1. A comparison 
of the two enzymes on such substrates as keratin decomposition products, 
collagen, elastin, and casein showed the progress of hydrolysis and the 
concentration/activity relationships to be similar, a minor difference between 
the two products being in the somewhat greater lipolytic activity of hog 
pancreatin. The optimum activity for the fish protease was at pH 8 • 0 and 
50- 55 °C. Comparative bating tests carried out on sheep, goat, and calf skins 
with the fish enzyme adsorbed on wood flour and mixed with 30% ammonium 
sulphate, and with a pancreatic bate of the same strength (towards casein) 
yielded identical results.
Very similar investigations with similar conclusions were carried out 
several years later by Johnston2 and by Shuttleworth and Cunningham3, 
whilst Tanikawa and Yamazaki4 also reported a good bating action. The 
action of the fish protease on casein was investigated by Cooke and 
Chowdhury5. '
The pyloric caecum alone, or the whole of the intestines which are also 
active to a lesser extent, have been used, though according to Johnston only 
the pyloric caecum and intestinal mucosa (relative activity, 4 :1) showed com­
mercial possibilities. Shuttleworth and Cunningham used the whole viscera 
less the livers and any enlarged gonads.
Several methods of preparing an active, dehydrated enzyme were used by 
the authors cited. Successful results were obtained by mincing the organs and 
dehydrating either in vacuo, with acetone, or in air after adsorption on wood 
flour. The preparation of a bating material by drying fish viscera mixed with 
wood flour has been patented in Italy8.
The potential supply of fish visceral protease is very large. At the present 
time, fish such as cod, halibut, etc., are gutted aboard the fishing vessel and 
the viscera, apart from the liver, are thrown overboard. The possibility of 
the commercial exploitation of this material for bating was investigated using 
a specially prepared product which was submitted to the British Leather 
Manufacturers’ Research Association for works trials. The product was sup­
plied in liquid form, prepared from viscera after controlled fermentation and
258
autolysis and preserved with 10% ammonium chloride (when first made, the 
liquid undergoes a vigorous anaerobic fermentation after which it settles down 
to give a brown viscous liquid with a somewhat strong cheesey odour). The 
enzymatic activity is unimpaired on storage for long periods and samples kept 
in the laboratory have retained their activity for over a year.
Commercial bates are usually supplied with the enzyme adsorbed on wood 
flour, though other materials such as kaolin are also used. It was at one time 
believed that wood flour had a specific action in assisting the removal of scud, 
but nowadays it is considered to act merely as a filler so that the amount of 
material to be weighed or measured is not too small, and an even distribution 
of the bate is more readily obtained. Commercial bates without filler are on 
the market though their use is limited. A bate in liquid form using water as a 
filler or diluent would be an innovation to the industry. It has several 
advantages over the conventional b a te :
(i) The cost of wood flour is avoided.
(ii) A partial loss of enzymic activity during drying is avoided.
(iii) The material is much less bulky.
(iv) There is no need to store in a dry atmosphere.
(v) It can be measured out by volume instead of weight (though many 
. tanners do measure wood flour bates by volume).
On the other hand there are possible disadvantages to its use. It would 
have to be transported in returnable drums or casks. In addition, should it be 
required for simultaneous deliming and bating, more than 10% ammonium 
salts would be required in the bate liquor. The solubilities in water limit the 
amount that could be incorporated to about 30% (by volume) of ammonium 
chloride and about 70% of ammonium sulphate, and with both salts there is 
the possibility of salting out the enzymes.
Preliminary Laboratory Tests.
The bating activity of the fish viscera material was compared with that of 
a commercial sample of pancreatic bate used for sheepskins, by the method of 
Pickard7 using limed catfish skins as substrate, and by bating small pieces of 
limed goatskins and following the progress of bating by compressibility and 
air permeability tests. It was estimated that the fish bate had between 50 and 
67% of the activity of the pancreatic bate. A more accurate comparison, 
obtained from their gelatin-liquefying powers8, gave a figure of 70%.
Works Scale Tests.
Tests were carried out on a works scale for bating several types of skin. 
In each case a whole pack of skins was put through and a similar pack put 
through with the tanners’ usual bate. A completely fresh bate was used in all 
cases. The skins were examined during the course of, and after, bating and 
again in the crust leather. In no case was the smell of the fish bate considered 
objectionable in the paddle or drum. In most cases it was not detectable, and 
where it was, it was only to the experienced workman.
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Sh e e p s k in s , D o m e s t ic , f o r  B a s il s .
(i) The skins were surface delimed in water for £ hr. and treated in a fresh 
liquor with \%  ammonium chloride for 15 min before the bate was added. 
t%  of both test and control bates based on the limed skin weights was used. 
The length of bating was 2 \  hr. and the temperature 98 °F ±2°. The bated 
skins and crust basils from the fish bate were considered satisfactory and as 
good as normal.
(ii) The surface lime was neutralised with hydrochloric acid and the 
deliming completed by washing. 1% of both bates was used and \%  
ammonium chloride added with the fish bate to equalise the ammonium salts. 
Bating was carried on for I f  hr. at 95 °F. The fish-bated skins and basils were 
considered identical with normal production.
Sh e e p s k in s , D o m e s t ic , f o r  Sk iv e r s .
The bating procedure was as described above for Basils (i).
The fish-bated skivers were considered not quite as soft as the controls. 
It was not possible to express an opinion on the relative smoothness of the 
grain as the skins were so variable.
H air  Sh e e p s k in s  f o r  G l o v in g .
(i) Details of the bating procedure are not available, other than that 
additional ammonium salts were not added to the fish bate. The feel and 
release of scud after bating were not as good as with the usual bate, but no 
adverse comment was made on the finished, dressed skins. The difference 
during bating may have been due to inadequate deliming agent with the fish 
bate, or to too low a concentration.
(ii) A further series of trials confirmed the above results.
G o a t s k in s , f o r  G la c e  K i d .
(i) Skins surface delimed in running water were bated in drums with 
0-6% standard bate and 0-9% fish bate. The temperature was 87-106°F and 
the duration 24 hr. with the drum stopped at intervals for half the period. 
Both the course of bating and the finished leather were similar in all respects 
with the control and fish bates. Tests were carried out on a wide variety of 
types of goatskins.
(ii) The bating material normally used was believed to contain papain, 
and further ammonium chloride was added to it. The bating time normally 
required was 16-18 hr. with paddling for the first 6-8 hr. The initial' tempera­
ture was about 92°F, dropping to 78°F after Y2\ hr. when the bath was 
reheated. With the fish bate little or no bating action occurred and the tanner 
was obliged to finish the skins as suede. It is not clear whether failure to bate 
was due to too low a concentration of enzyme, too little ammonium chloride, 
or too low a temperature, though a combination of all three factors is suspected.
H id e s  f o r  C h r o m e  S id e s .
Details of the bating process are not available, other than that the usual 
bate was pancreatic. The fish bate concentration was raised and ammonium
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chloride added to bring the enzyme and ammonium salt strengths up to those 
of the pancreatic bate. The course of bating with the two bates and the final 
leathers were judged identical.
S pl it  H id e s , D o m e st ic , fo r  D r e s s in g  L eath er  a n d  U ph o l ste r y  L ea th er .
The split hides were delimed with ammonium chloride and 2% bate added 
to the liquor at about 80 °F. Paddling was continued for 1 hr. with-the heavy 
splits and \ \  hr. with the light splits. The heavy splits fell rather faster with 
the fish bate compared with the control, but the total time required was the 
same. No differences were observed with the light splits. The crust leathers 
from the two bates Were indistinguishable.
Summary and Conclusions.
Satisfactory bating has been accomplished with the fish viscera bate on 
such diverse skins as domestic hair sheep, goat, and ox and cow hides. In 
most cases the course of bating and the finished leather were identical with 
packs bated with fish bate and the tanners’ usual bate. In some tests the fish 
bate was reported to be slightly inferior but it is believed that not enough 
enzyme was added to raise the strength to that of the control, and possibly 
not enough ammonium salt was present.
It is concluded that the liquid bate prepared from fish viscera is suitable 
for all kinds of skins and is an adequate substitute for pancreatic bates. To 
obtain comparable results with, other bating material in the tannery, the con­
centration should be adjusted to give an equivalent enzyme strength. It is 
recommended that if possible the bate be produced with different proportions 
of ammonium salts to suit the needs of different skins and different methods 
of processing.
The author is indebted to the Director and Council of the British Leather 
Manufacturers’ Research Association for permission to publish this paper, 
to Messrs. British Cod Liver Oils (Hull & Grimsby) Ltd. for preparation of 
the fish bate, and to various Member Firms of the Association who provided 
facilities for the works scale trials.
The British Leather Manufacturers' Research Association,
M ilton Park, Egham, Surrey. Received April 28th, 1958.
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A n Investigation of the Cause of Dull G rain on 
Gloving Leather.
(Extra-Mural Experiment No. 102)
By G. H. Green.
(with the co-operation of Messrs. Silas Dyke and Sons, Ltd., C. W. Pittard 
and Co., Ltd., and Strong, Rawle and Strong, Ltd.).
SYNOPSIS.
The influence of paint alkalinity '(hydrosulphide and 
sulphide paints) on the quality of gloving leather has 
been studied. D ull grain was not observed even with high 
sulphide concentration in the paint, whilst ruptured grain 
was confined to sulphided skins.
CONTENTS.
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INTRODUCTION.
In an earlier experiment (Extra-Mural Experiment No. 96)(1) 
designed to investigate the influence of heating of painted sheep­
skins in pile on the quality of the finished leather, it was observed 
that skins from a pack painted with lime-sulphide paint contain­
ing 2% sodium sulphide (in solution) showed dull grain after 
dressing at one tannery, yet other skins from the same pack dressed 
by another tanner were free from this defect. Skins painted with 
lime-hydrosulphide paint were satisfactory from both tanneries. 
It was concluded that the high alkalinity of sodium sulphide had 
weakened the grain, producing a latent damage which was brought 
out by some subsequent processing. The experiment has now been 
repeated with some modification in an attempt to discover at which 
stage the latent damage was brought out. Two levels each of 
sulphide and hydrosulphide were used in the paint, the high 
sulphide being more in line with New Zealand practice.
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CAUSE OF DULL GRAIN
1 part (by vol.)
parts
parts
EXPERIMENTAL.
Four dozen salted English lambskins, similar to those used 
previously, were soaked in water for 24 h, put through a Peebles 
washer, drained, and painted with the following paints:
P a in t  A (24 skins)
Sodium sulphide solution, 20°Be (16% Na2S)
Lime paste: 551b. hydrated lime4-120 lb. water 5 parts 
Concentration of dissolved Na2S= 3 • 1 %
P a in t  B  (2 4  sk in s)
Sodium sulphide, as above 
Lime paste, as above 
Hydrated lime, to equivalent of Paint A 
Concentration of dissolved Na2S = 8 8 %
P a in t  C (6  sk in s)
Sodium hydrosulphide solution, 35% NaHS 
Water .
Lime paste, as ajbove 
Concentration of dissolved NaHS=l-7%
P a in t  D  (6  sk in s)
Sodium hydrosulphide, as above 
Water
Lime paste, as above 
Concentration of dissolved NaHS =  5*l%
1 part 
3 parts 
20 parts
3 parts 
1 part 
20 parts
Dresser No. 1
Further l im in g  18a 
| 18b
Pickling
Fellm onger 
Fellm ongering 2 4 a  
and liming 2 4 b 
I 6c
I 6d
Pickling 6a 
6b 
6c 
6d
6a , 6b
Degreasing, 
tanning, and 
mordanting
6a , 6b
Dresser No. 2
Degreasing, 
tanning, and 
mordanting
Finishing Finishing
N.B. Dresser N o. 1 was the dresser who obtained dull grain on the 
sulphided skins in the earlier experiment.
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The four sets of skins were piled, those with paints C and D in 
the same pile, and left 24 h. No appreciable heating occurred. 
After pulling the wool, the pelts were washed in running water in 
a paddle and divided up according to the scheme set out above. 
The pullers remarked that the wool on the hydrosulphided skins 
was definitely tighter than on the sulphided skins, but could detect 
no difference between the two strengths of either paint.
RESULTS.
Of the skins pickled by the fellmonger, two were lost and 14 of 
the remaining 22 showed more or less severe grain damage, the 
grain surface being completely removed over as much as 75% of the 
total area. This type of damage is technically known as “frized 
grain” and is quite distinct from “dull” or “low” grain. No damage 
was observed in the pickle by either the Fellmonger or Dresser 
No. 2, and the pelts were processed in a pack with 12 pelts received 
from Dresser No. 1 and skins from his normal production, none of 
which showed the damage. The damage was first noticed in the 
mordant stage. It has been suggested to us by Mr. F. W. Hancock 
that this type of damage is associated with gas evolution from the 
skins on going into pickle, and is due to the limed pelts lying around 
and picking up carbon dioxide, the calcium carbonate so formed 
liberating carbon dioxide in the acid pickle liquor, and lifting the 
grain. In spite of this extensive damage it was possible to assess 
the remaining good areas of the skins for the faults described below.
Two other types of imperfection were observed.
(a) Sl ig h t  d u l l n e s s  o f  t h e  g r a in . This was of a degree 
normally experienced with this class of skin; it was uniformly 
distributed and affected 75% of the total skins. No low grain as 
obtained in Extra-Mural Experiment No. 96 was observed on skins 
from either dresser, fellmongered with any paint.
(b) R u p t u r e d  g r a in . This is a mechanical damage due to 
weakness of the grain. The extent to which it occurred is given in 
Table I.
DISCUSSION. . -
Since no damage of the dull grain type previously experienced 
was observed in this experiment, the experiment failed in its main 
object. It would appear that the conditions conducive to dull grain 
production in Dresser No. l ’s yard were no longer in force, 
although as far as is known the processing conditions were identical 
and the two experiments were conducted at the same time of the 
year and weather conditions were not abnormal in either case.
Ruptured grain was confined to the sulphided skins and confirms 
the earlier result, when sulphided skins showed a much higher
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CAUSE OF DULL GRAIN
T a b l e  I
R e l a t io n  o f  I n c id e n c e  o f  R u p t u r e d  G r a in  w t h  P r o c e s s in g  C o n d it io n s
P r o c e s s in g P a in t
T o t a l
S k in s
R u p t u r e d
G r a in
Pickled^ fellm onger, remainder A 4 1
Dresser 2 B 6 1
C 6 0
D 6 0
Pickled Dresser 1, remainder A 6 0
Dresser 2  . . .  . . . B 6 - 2
Mordanted Dresser 1, remainder A . 6 0
Dresser 2  . . .  . . . B 6 0'
Dresser 1 throughout ... A 6 3
B 6 3
incidence of this fault than hydrosulphided skins. The weakening 
of the grain is a function of the pH of the paint rather than the 
concentration of sulphide or hydrosulphide. The prevalence of 
ruptured grain was somewhat higher with Dresser No. 1 than No. 2 
(c,/. Extra-Mural Experiment No. 96 where each dresser achieved 
the same amount of damage) and would suggest that it is in the 
finishing that the damage occurs, and that Dresser l ’s mechanical 
treatment was this time more severe than Dresser 2’s.
SUMMARY.
1. Hydrosulphide paint yielded a less loose wool than sulphide 
paint, even when used at high concentrations. Concentration had 
no effect over the range 1 -7-5 • 1% NaHS.
2. Dull grain as previously observed (Extra-Mural Experiment 
No. 96) could not . be reproduced, although the type of skin, 
weather and processing conditions were, so far as was known, 
identical.
3. High alkalinity in the paint produced a weakening of the 
grain manifested as ruptured grain in the finished leather. The 
ruptured grain was confined to sulphide-painted skins, and the 
extent was independent of the sulphide concentration over the 
range 3 • 1-8-8% Na2S. It was more prevalent at one dresser than 
the other and presumably occurred during the mechanical 
operations of finishing.
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